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LIPOLOTIC ENZTfME VARIANTS AND METHOD FOR THEIR PRODUCTION 


FIELD OF THE INVENTION 

The present invention relates to a lipolytic enzyme variant and a method of produc- 
ing such a variant More particularly, the variant has a relatively high activity for one ester 
5 bond in an amphiphilic substrate with two lipophilic groups and a relatively low activity for the 
ester bond in an amphiphilic substrate with one lipophilic group, e.g. a relatively high phos- 
pholipase activity and a relatively low lysophospholipase activity. 

BACKGROUND OF THE INVENTION 

EP 870840. JP-A 10-42884, JP-A 4-135456 or JP-A 2-49593 describe ttie use of a 
10 phospholipase to hydrolyze a phospholipid to produce lysophospholipid. 

lUS 45670461, WO 94/04035, EP 109244. ^P 585988|. WO 98/26057. 98/454531 
WO 99/53769. WO 00/32758. IWO 01396021 and EP 575133 describe the addition of various 
lipolytic enzymes to dough in the preparation of baked products and the preparation of 
lipolytic enzyme variants. 
15 |W0 00/32758| discloses that the substrate specificity of a lipolytic enzyme can be 

modified by making alterations to the amino acid sequence. 

SUMMARY OF THE INVENTION 

The inventors have developed a method using protein engineering to produce 
lipolytic enzymes having a relatively high activity for one ester bond in an amphiphilic sub- 
20, sti^te with two lipophilic groups and a relatively low activity for the ester bond in an amphi- 
philic substi-ate with one lipophilic group, e.g. a relatively high phospholipase activity and a 
relatively low lysophospholipase activity. 

Accordingly, the invention provides a method of producing a lipolytic enzyme variant 
comprising: 

25 a) selecting a parent fungal lipolytic enzyme, 

b) in the parent lipolytic en;^e altering at least one specified amino add resi- 
due, 

c) optionally, altering one or more amino acid residues other tiian b), 

d) preparing the variant resulting from steps a)-c), 

®) *®sting hydrolybc activities of the variant towards a first substrate and a sec- 
ond substrate, 

f) selecting a variant having a ratio of hydrolytic activities towards the first 
substi^te and the second substrate which is lower than the parent lipolytic enzyme, and 
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g) producing the selected variant. 

The first substrate is a mofecule comprising one fatty ac^ group linked through an 
ester or thioester bond to a hydrophilic group. The second substrate is a molecule comprising 
a first lipophilic group which is a fatty acyi group linked through an ester or thioester bond to a 
5 hydrophilic group, and a second lipophilic group linked to the hydrophilic group, where the 
second llpolhllic group may be a second fatty acyl group linked through an ester, thioester or 
amide bond, or it may be a fatty alcohol linked through an ether or thioether bond. 

Each amino add alteration may be an amino acid substitution, deletion or insertion. 
The amino add residue to be altered may be detemiined from a three-dimensional model of a 
10 phospholipid docked with the parent lipolytic enzyme as a residue which- comprises an atom 
(exduding H atoms) which lies within 10 A (particularty 7 A or 5 A) of an atom (exduding H 
atoms) of the lyso-phospholipid, or it may be the C-temiinal amino add. 

Alternatively, the amino acid residue to be altered may be detemiined by aligning the 
amino add sequence of the parent lipolytic enzyme with the T. lanuginosus lipase and select- 
15 ing a residue con-esponding to any of residues 17-18, 20-23, 26, 37, 39, 62, 64, 60-96. 110- 
113, 144-151. 171-177, 200-211, 213, 215, 227, 253-261 or 263-269. 

The invention also provides a 1. lipolytic enzyme having an amino add sequence 
derived from the T. lanuginosus lipase (SEQ ID NO: 14) comprising the following amino add 
alterations: 

20 a) R84W +G91A +D96F +E99K +G263Q +L264A +I265T +G266D +T267A 

+L269N, 

b) G91A +D96W +E99K +L227G +G263Q +L264A +I265T +G266D +T267A 

+L269N, 

c) R84W +G91A:D96F +E99K +G263Q +L264A +I265T +G266S +T267A 
25 +L269N+270A+271G+272G+273F+274S, 

d) SPPCGRRP{-E) +Y21 K +E99N +N1 01 S +E239C +Q249R, 

e) G91A +D96K +E99K +G263Q +L264A +I265T +G266D +T267A +L269N, 

f) Y21V +R84G +G91A:D96F +E99K +G263Q +L264A +I265T +G266D 
+T267A +L269N +270A +271 G +272G +273F +274S, 

30 g) V60G +D62W +R84W +G91A +D96F +E99K +G263Q +L264A +I265T 

+G266D +T267A +L269N, 

h) V60A +D62S +G91A +D96W +E99K +W221R +G263Q +L264A +I265T 
+G266D +T267A +L269N +270A +271 G +272G +273F +274S, 

i) R84A + S85D + E87A +G91A +D96G +K98E +E99D, 

35 j) G91A +D96W +E99K +P250N +G263Q +L264A +I265T +G266D +T267A 

+L269N +270A +271 G +272G +273F +274S, 
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k) G91A +D96W +E99K +P256N +G263Q +L264A +I265T +G266D +T267A 
+L269N +270A +271 G +272G +273F +274S, 

I) R84W +G91A +D96W +E99K +Y261Q +G263Q +L264A +I265T +G266D 
+T267A +L269N +270A +271G +272G +273F +274S. 
5 m) G91A +D96W +E99K +P250L +P253Q +D254DEL +P257S +G263Q 

+L264A +I265T +G266D +T267A +L269N +270A +271 G +272G +273F +274S. 

n) R84Y + G91A + D96F + E99K + G263Q + L264A + I265T + G266D + 
T267A + L269N. or 

0) R84S + G91A + D96F + E99K + E129A +V203i +L206F + G263Q + L264A 
10 + I265T + G266D + T267A + L269N. 

The invention also provides a lipolytic enzyme having an amino acid sequence de- 
rived from a Fusarium lipase comprising at least one amino acid alteration con-esponding to 
the following in the Fusarium oxysporum lipase(phospholipase (SEQ ID NO: 7): 
a) H257W, 
15 b) S142A. 

c) V157D, 

d) S271P, 

e) S80T, 

f) A127T. 
20 g) D263G. 

h) Y21W, 

1) S80T, 
j) R274A, 

k) 275YRSAESVDKR or 

25 I) 275YRSAESVDKAATMTDAELEKKLNSYVQMDKEWKNNQARS. 

Further, the invention provides a lipolytic enzyme which: 

a) has an amino add sequence having at least 90 % identity to that of the Thermo- 
myces lanuginosus lipase or the Fusarium oxysporum lipase/phospholipase, 

b) has phospholipase activity, and 

30 c) has a lysophospholipase to phospholipase ratio below the limit indicated below. 

DETAILED DESCRIPTION OF THE INVENTION 
Test substrates 

The invention uses two different polar lipids as test substrates. Both are amphiphilic 
(amphipolaric), having a hydrophilic part and one or two lipophilic groups, respectively. 
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First substrate pct/dk03/ooo28 
The first substrate has the general formula A-B-C where: 

• A is an acyl group, particularly straight-chain and unsubstituted. It may be satu- 
rated or may have one or more double bonds. It may have an even number of car- 

5 bon atoms, e.g. from 1 2 to 24 

• B is O (oxygen) or S (sulfur) forming an ester or thioester bond between A and C. 

• C is a polyol having B attached to an OH group, optionally having other functional 
groups and/or a hydrophilic group attached to an OH group. The polyol may be a 
sugar alcohol such as glycerol. e.g. having B attached in the sn1 or sn2 position of 

10 glycerol. The other functional groups may be one or more aldehyde, keto or carboxyl 

groups; thus, the polyol may be a monosaccharide or a corresponding uronic add. 
The hydrophilic group linked to an OH group, e.g. In the sn3 position of glycerol may 
be: 

o A phosphate group, optionally linked to an alcohol such as choline. 

ethandlamine, serine or inositol, 
o Mono- or digalactosyl link to C through a glycosidic bond. 
The first substrate may be a lysophospholipid such as lyso-lecithin or a lyso- 
galactolipid such as digalactosyl monoglyceride (DGMG) or monogalactosyl monoglyceride 
(MGMG). The lyso-phospholipid may be a 1-lyso-phospholipid with an acyl group at the sn1- 
20 position or a 2-lyso-phospholipid with an acyl group at the sn2-position. 

The activity of interest is a hydrolytic activity towards the bond B-C. 

Second substrate 

The second substrate has the general fomiula A'-B'- (A'-B'-) C where: 

• A' Is an acyl group defined as for A above. 

25 . B' is O (oxygen) or S (sulfur) forming an ester or thioester bond between A' and C. 

• A- is an acyl or alkyi group particularly straight-chain and unsubstituted. It may be 
saturated or may have one or more double bonds. It may have an even number of 
carbon atoms, e.g. from 12 to 24 

. B- is O (oxygen). S (sulfur) or NH fomiing an ester, thioester. amide, ether or thio- 
30 ether bond between A' and C. 

• C is the same as for the first substrate. 

A- and B" of the second substrate may be chosen identical to A and B of the second 
substrate and attached in the same position of C, or they may be chosen independentiy. 

The second substrate may be a phospholipid such as lecitiiin or a galactolipid such 
35 as digalactosyl diglyceride (DGDG) or monogalactosyl diglyceride (MGDG), or it may be pre- 


4 


wo 03/060112 PCT/DK03/00028 

pared synthetically by attaching a fatty alcohol through an ether bond or thioether bond to a 
lysophosphpllpid or a lyso-galactolipld. 

The activity of interest is a hydrolytic activity towards the B*-C bond. 

Lipolytic enzyme activities 

5 The lipolytic enzyme of the invention has a lov^ ratio of activity for the first substrate 

compared to activity for the second substrate. Thus, it has a relatively low hydrolytic activity 
towards the B-C (thio)ester bond of the first substrate and a relatively high hydrolytic activity 
towards the B'-C (thio)ester bond of the second substrate. The activity towards the second 
substrate may be phospholipase A1 (EC 3.1.1.32) or A2 (EC 3.1.1.4), or it may be a galac- 

10 tbiipase activity. 

The activity ratio may be found by contacting the lipolytic enzyme with each sub- 
strate separately or by contacting it with a mixture including both substrates. The activity ratio 
may be measured by the PLARN assay, the RLPIJ\ assay or a plate assay described below. 
The lipolytic enzyme may have a ratio of lysophospholipase activity to phospholipase activity 

15 corresponding to PLARN below 1000 (particularly 500, below 200 or below 50) or RLPLA 
(0.1/2.5) below 2 (particulariy below 1 or below 0.5). 

The lipolytic enzyme of the invention may have phospholipase (PL) activity with a 
relatively low lysophospholipase (LPL) activity. The lyso-phospholipid may be a 1-lyso- 
phosphoilpid with an acyl group at the sni-posltion or a 2-lyso-phosphollpid with an acyl 

20 group at the sn2-position. The lipolytic enzyme may in particular have phospholipase A1 ac- 
tivity with low 1 -lysophospholipase activity. 

The lipolytic enzyme of the invention may have hydrolytic activity towards a carbox- 
ylic ester bond in DGDG (digalactosyl diglyceride) with a relatively low hydrolytic activity to- 
wards the ester bond in DGMG (digalactosyl monoglyceride). 

25 Optionally, tiie lipolytic enzyme may also have triacylglycerol lipase activity (EC 

3.1.1.3), i.e. hydrolytic activity for carboxylic ester bonds in triglycerides, e.g. 1,3-specific ac- 
tivity, particulariy on long-chain triglycerides such as olive oil. The enzyme may have a sub- 
strate specificity for hydrolyzing long-chain fatty acyl groups rather than short-chain groups, 
e.g. expressed as a high ratio of activities on olive oil and tributyrin, e.g. a ratio SLU/LU>3 as 

30 described in WO0032758. 

LPL/PL ratio (PLARN) 

Phospholipase activity is detemilned at 30 »C using 4% (w/v) lecithin (phosphatidyl 

choline) in 50 mM sodium acetate, 5 mM CaCI2, pH 5.0. One unit of phospiiolipase activity is 

defined as 1 mmol free fatty acids released per minute per mg enzyme using the above con- 

35 ditions. 
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Lysophospholipase activity is determined at 30 ^'C using 1% (w/v) lysolechitin in 50 
mM sodium acetate, 5 mM CaCI2, pH 5.0. One unit of lysophospholipase activity Is defined 
as 1 mmol fiBe fatty acids released per minute per mg enzyme using the above conditions. 
The lysolechitin may be an equilibrium mixture or pure 1- lysolechitin in the case of a phos- 
5 pholipase A1 and pure 2- lysolechitin in the case of a phospholipase A2. 

The PLARN ratio is defined as the lysophospholipase activity divided by the phos- 
pholipase activity, both detemnined by the above methods. 

Relative activitv on Ivsopholipids and phospholipids (RLPLA) 

This activity measurement expresses the relative activity on lysophosphatidyl choline 

10 and phosphatidyl choline in an equimolar mixture. 

More specifically the assay is earned out as follows: The activity at different concen- 
trations of phospholipase is detemnined at 30"C blending 1:1 solutions of phosphatidyl choline 
(25mM) and lysophosphatidyl choline (25mM) in 50mM NaOAc buffer (pH 5). 50pl enzyme 
solution (e.g. having 0.1 or 2.5 mg enzyme protein per ml) is added to the substrate solution 

15 and allowed to react for 30 minutes. 100pl of the sample is inactivated at 95"C for 5 minutes 
and dissolved in 900pl CHC13/MeOH 50%/50%. The sample is centrifuged at 14000rpm for 2 
minutes. The supernatant is analyzed by HPLC after filtering through a 0.45Mm filter. Column: 
Microsort>-MV 100Si 250mm column (analytical instalments). Mobile phases; A: 80% CHGI3, 
19.5% MeOH, 0.5% NH40H; B: 60% CHCI3, 34% MeOH. 0.5% NH40H, 5.5% H20. Gradi- 

20 ent: 0-3 minutes 100% A, 3-23 minutes 100% B, 23-45 minutes 100% A. Injection volume 
20pl Detector Sedere. Sedex 75 light scattering. Temp 40X, pressure 3.5 Bar. The RLPLA 
is then measured as tiie depletion of phosphatidyl choline relative to lysophosphatidyl choline. 
A variant with a lower RLPLA value indicates a higher accumulation of lysophospholipid un- 
der the conditions of analysis. 

25 The relative activity can be expressed as "RLPLA ratio" by measuring lysolecithin 

hydrolysis at an enzyme dosage of 0.1 mg/ml and lecithin hydrolysis at a dosage of 2.5 
mg/ml, and taking the ratio of the two. 

Plate assay 

Plates including each of the substrates may be prepared in analogy with WO 
30 0032758 using suitable pH and substrate concentration. Optionally, other ingredients such as 
flour may be included. A suitably diluted enzyme solution is applied to holes in the plates, and 
clearing zones are read after incubation for a suitable time at a suitable temperature. 

Preparation of lipolytic enzyme 

The lipolytic enzyme may be obtained by preparing variants of a parent lipolytic en- 
35 zyme by altering its amino acid sequence and screening for a variant with an improved activ- 
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ity ratio. The parent lipolytic enzyme may have phospholipase activity, DGDG hydrolylic activ- 
ity and/or triacylglycerol lipase activity. Variants may be prepared from the parent lipolytic en- 
zyme by known methods, e.g. by subjecting a DNA sequence encoding the parent lipolytic 
enzyme to site-directed mutagenesis, localized random mutagenesis or site-saturation 
5 mutagenesis, e.g. using methods described in WO 0032758. Resulting DNA sequences may 
be further modified by gene shuffling and directed evolution. 

Parent lipolytic enzyme 

The lipolytic enzyme to be used in the present invention is one that can hydrolyze 
ester bonds. Such enzymes include, for example, lipases, such as triacylglycerol lipase (EC 
10 3.1.1.3), lipoprotein lipase (EC 3.1.1.34). monoglyceride lipase (EC 3.1.1.23), phospholipase 
A1 or A2 (EC 3.1.1.26, 3.1.1.4), lysophospholipase (EC 3.1.1.5), galactolipase (EC 3.1.1.26), 
ferulic add esterase and esterase (EC 3.1 .1 .1 , EC 3.1.1 .2). 

The parent lipolytic enzyme may be the Thermomyces lanuginosus lipase {Humicola 
lanuginosa lipase) (EP 305216) or it may have an amino add sequence with at least 50 % 
15 identity (e.g. at least 90 % identity). The amino add sequence of the 7. lanuginosus lipase is 
shown in US 5869438 and as seq14 in Fig. 2 of this application. 

Thus, the parent lipolytic enzyme may be a naturally occunring enzyme as described 
at pages 5-6 of WO 0032758 . Examples are the lipolytic enzymes from the following organ- 
isms. They are known in the prior art; and their amino add sequences are given in the at- 
20 tached sequence listing. 

1. Absidia reflexa 

2. Absidia corymbefera 

3. Rhizwucor miehei 

4. Rhizopus delemar (oryzae) 
25 5. Aspergillus niger 

6. Aspergillus tubingensis 

7. Fusarium oxysporum 

8. Fusarium heterosporum 

9. Aspergillus oryzae 

30 10. Penicilium camembertii 

1 1 . Aspergillus foetidus 

1 2. Aspergillus niger 

1 3. Aspergillus oryzae 

1 4. Thermomyces lanuginosus (Humicola lanuginosa) 

35 As indicated above, the amino add to be altered may be detemnined on the basis of 

an alignment of the parent lipolytic enzyme with the 7. lanuginosus lipase. Fig. 2 shows an 

7 


^^"^^•^""^ PCT/DK03/00028 

alignment of the amino add sequences of the above fungal lipolytic enzymes, based on a 
comparison of the available 3-dimensional staictures: 

Other amino acid sequences may be aligned with those shown in Fig. 2 by using the 
GAP alignment to the most homologous sequence found by the GAP program. GAP is pro- 
5 vided in the GCG program package (Program Manual for the Wisconsin Package, Version 8, 
August 1994, Genetics Computer Group, 575 Science Drive, Madison, Wisconsin, USA 
53711) (Needleman, S.B. and Wunsch, C.D., (1970), Journal of Molecular Biology, 48, 443- 
45). The following settings are used for polypeptide sequence comparison: GAP creation 
penalty of 3.0 and GAP extension penalty of 0.1 . 
10 Alternatively, the parent lipolytic used in the present invention may be a variant of the 

above, e.g. a variant of the 7. lanuginosus lipase (SEQ ID NO: 14) or the F. oxysporum li- 
pase/phospholipase (SEQ ID NO: 7). A variant with phospholipase activity or galactolipase 
activity may be used, e.g. as described in Example 5, 6 or 13 of WO 0032758 . Particular ex- 
amples are variants of SEQ ID NO: 14 with the following amino acid alterations: 

15 


L259S 


G266D 


G91A +D96W +E99K +G263Q +L264A +I265T +G266D +T267A +L269N +270A+ 271G+ 
272G+ 273F +274S 


G266E 


G263A +G266A 


E1SPCRPRP +E239C +Q249R +G266A 


E1SPCRPRP +E239C +Q249R +G266S 


D96S + G266A 


D96S +G266S 


D96S +G266W 


E1SPPCGRRP +D96S +E239C +Q249R +G263D +L264I +I265N +G266E +T267GS 


Three-dimensional mode! 

Fig. 1 gives the coordinates of a three-dimensional model of the 7. lanuginosus li- 
pase docked with a phospholipid as substrate: 1-palmetoyl-2-oleylglycero-sn-3- 
20 phosphocholine (POPC). This may be used as a starting point for building a similar model for 
any given fungal lipolytic enzyme. Using this model, the following amino acid residues are 
found to be within 10 A, 7 A and 5 A of an atom of the substrate (LIP1 in the pdb structure 
shown in Fig. 1): 


8 


PCT/DK03/00028 

10 A: 17-18. 20-23. 26, 37. 39, 62, 64, 80-96, 110-113, 144-151. 171-177, 200-21.1, 
213, 215, 227, 253-261 , 263-269. 

7 A: 21. 81-95, 110. 113. 145-148. 150, 172-175. 201-208, 213. 254-256, 258-259, 

264-269. 

5 5 A: 21, 82-86. 89-90. 92-93. 95, 110. 113. 145-147. 174. 202-203, 206-208, 255, 

258-259, 265-268. 

More particularly, amino acid alterations may be made at one or more positions cor- 
responding to the following amino acids in the 7. lanuginosus lipase (SEQ ID NO: 14): Y212, 
R84. S85. E87, D96. V203, L206. L227. P253. D254, P256, P257 and/or Y261, particularly 
10 one or more alterations con^ponding to Y21V/K. R84W/A/G/Y/S, S85D. E87A, D96F/K/G. 
V203I, L206F, P253Q, D254*. P256N. P257S and/or Y261Q. 

Further, amino add alterations may be made at one or more positions corresponding 
to H257. SI 42, S80. D263 and/or Y21 of the F. oxysporum lipase/phospholipase (SEQ ID 
NO: 7). particularly one or more corresponding to H257W, S142A. S80T, D263G and/or 
15 Y21W. 

Also, amino acid alterations may be made at the C-temiinal or at any position down- 
stream of L269 of SEQ ID NO: 14. Such alteration may be addition or deletion of a peptide 
extension or deletion of a peptide extension of one or more amino adds (e.g. 1-50 amino ac- 
ids such as 2-15) at the C-tenminal. 

20 Amino acid alteration 

The amino add alteration may be substitution with a larger amino add. The amino 
add residues are ranked by size as follows from smallest to largest: 
G, A. S. C. V, T, P. L. I. N. D, M, E, Q. K. H. R. F, Y. W 

An amino add residue within 10 A (or 7 A or 5 A) of a C atom in the alkyi group R of 
25 R-COO attached to sni of the lyso-phospholipid may be substituted with an amino acid resi- 
due which is larger or more hydrophilic. 

An amino add residue within 10 A (or 7 A or 5 A) of an atom (other than H) of the 
phosphate group attached to sn3 (i.e. the O atom at sn3 or any atom beyond that) may be 
substituted with an amino acid which is larger or more hydrophobic. 
30 Amino acid residues are ranked as follows from most hydrophilic to most hydropho- 

bic: 

R, K, E. D, N. Q. H. S, T. Y, C. M. G, A. V. P, L. I. F. W 

Lipolytic enzyme variant 

Starting from a variant having phospholipase activity derived from the 7. lanuginosus 
35 lipase, and improvement regarding increased ratio of ledthin/ly5olecithin(sn1) activity and 
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lowered activity against lysoledthin (sn1) of lysplecithin in general, or/and with improved sn1 
lecithase activity may be achieved by use of the following concepts. 

One concept is to lower the binding energy of sn1 acyl chain and in this way in- 
crease the ratio of activity lecithin/lysolecithin{sn1). Secondary to increase sn2 binding to fa- 
5 vour lecithin rather than lysoledthin. 

Thus. 206, 95, 203 and 93 may be made smaller and more hydrophilic. Also, posi- 
tions 253, 255 and 256 may be made bigger. Some particular examples of such variants are: 

L206V/S/r/A 

V203T/S/A 
10 F95l/LyY 

L93V/l/An" 

A doped library 206/203 and 95/93. appr. 90% wt and appr 10% variant may be 

used. 

A second concept is to make libraries in the contacts to both acyl chains found 
15 docked structures, and in the regions close to the substrate found by comparison of good and 
bad lysolecithase active homologous enzymes. The regions will be doped according to the 
homologous en2ymes sequence. 

Thus, region 265-269 is of interest, e.g. P253. Some particular examples of such 
variants are: 

20 A doped library 247-260 may be used, optionally together with doped I202P and 

L206V. The doping may be appr. 90%wt and appr. 10% variants. 
P253TG/L 
D254S/L 
1255 

25 P256L/A 
A257D/A 
L259 
W260H 

Proline removal(s): 
30 P256X 
P253X 

together with I202P 
L227D 

Library 247-260 and 206. 95, 203 and 93 may be combined. 
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Amino acid identity 

The lipolytic enzyme of the invention and the parent lipolytic enzyme may have an 
, amino add identity of at least 50 % (particulariy at least 90 %, e.g. more than 95 % or more 
than 98 %) with tlie T. lanuginosus lipase (SEQ ID NO: 14). 
5 The degree of identity may be suitably detemnined by means of computer programs 

known in the art. such as GAP provided in the GCG program package (Program Manual for 
the Wisconsin Package. Version 8, August 1994. Genetics Computer Group. 575 Science 
Drive. Madison. Wisconsin, USA 53711) (Needleman, S.B. and Wunsch, CD., (1970), Journal 
of Molecular Biology. 48. 443-45). using GAP with the following settings for polypeptide se- 
10 quence comparison: GAP creation penalty of 3.0 and GAP extension penalty of 0.1. 

Use of lipolytic enzyme variant 

Hydrolvsis of ohospholipid 

A variant with phospholipase activity can be used to prepare lysophospholipid (e.g. 

lyso-lecithin) by treating the con-esponding phospholipid with the variant, e.g. as described in 
1 5 EP 870840, JP-A 1 0-42884. JP-A 4-1 35456 or JP-A 2-49593. The variant can also be used to 

make mayonnaise, e.g. as described in EP 628256. EP 398666 or EP 319064. 

Advantageously, a low ratio of lysophospholipase/phospholipase activity can lead to- 

a high degree of phospholipid hydrolysis with a low degree of lysophospholipid hydrolysis. 

This may allow the use of long reaction time and the use of phospholipid with a high lysp- 
20 phospholipid content, e.g. from cereals such as oats. 

Baking 

Lipolytic enzymes according to the invention have Improved baking perfomnance, 
e.g. a lower dough stickiness, a better dough extensibility and elasticity, a better dough stabil- 
ity, a better crumb structure of the baked product, a larger loaf volume and/or improved resis- 
25 tance to over-proofing or other abuse. 

The invention provides a baking additive in the form of a granulate, an agglomerated 
powder or a stabilized liquid, comprising a lipolytic enzyme which: 

a) has phospholipase activity, and 

b) has a lysophospholipase to phospholipase ratio corresponding to PLARN 
30 below 500 or RLPIJ^^ (0.1/2,5) .below 1 .0. 

The baking additive may have a narrow particle size distribution with more than 95 % 
(by weight) of the particles in the range from 25 to 500 ^m. 

Granulates and agglomerated powders may be prepared by conventional methods, 
e.g. by spraying the lipolytic enzyme onto a earner in a fluid-bed granulator. The carrier may 
35 consist of particulate cores having a suitable particle size. The carrier may be soluble or in- 
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soluble, e.g. a salt (such as NaCI or sodium sulfate), a sugar (such as sucrose or lactose), a 
sugar alcohol (such as sorbitol), starch, rice, com grits, or soy. Liquid enzyme preparations 
may, for instance, be stabilized by adding a potyol such as propylene glycol, a sugar or sugar 
alcohol, lactic acid or boric acid according to established methods. 

5 The Invention further relates to a prennix comprising flour and the lipolytic enzyme 

described aboye. The pre-mix may contain other dough-improving and/or bread-improving 
additives, e.g. any of the additives, including enzymes, mentioned above. 

The invention also provides a method of preparing a dough or a baked product pre- 
pared from dough. The method may comprise preparing a variant by the above method and 

10 adding it to the dough. Alternatively, the method may comprise: 

a) testing at least one lipolytic enzyme for its hydrolytic activities towards intact phos- 
pholipid (PL) and lyso-phospholipid (LPL), 

b) selecting a lipolytic enzyme having a hydrolytic activity ratio for LPL/PL conre- 
sponding to PLARN below 500, and 

15 c) adding the selected lipolytic enzyme to the dough. 

Dough 

The dough generally comprises wheat meal or wheat flour and/or other types of 
meal, flour or starch such as com flour, com starch, rye meal, rye flour, oat flour, oat meal, 
soy flour, soi^hum meal, sorghum flour, rice starch, rice flour, potato meal, potato flour or po- 
20 tato starch. The dough may be fresh, frozen or par-baked. It may particulariy be a leavened 
dough. 

The dough may also comprise other conventional dough ingredients, e.g.: proteins, 
such as milk powder, gluten, and soy, eggs (eiflier whole eggs, egg yolks or egg whites); an 
oxidant such as ascorbic acid, potassium bromate. potassium iodate, azodicarbonamide 

25 (ADA) or ammonium persulfate; an amino acid such as L-cysteine; a sugan a salt such as 
sodium chloride, calcium acetate, sodium sulfate or caldum sulfate. 

The dough may comprise fat (triglyceride) such as granulated fat or shortening, but 
the invention is particulariy applicable to a dough where less than 1 % by weight of fat (triglyc- 
eride) is added, and particulariy to a dough which is made without addition of fat. 

30 The dough may further comprise an emulsifier such as mono- or diglycerides, diace- 

tyl tartaric acid esters of mono- or diglycerides. sugar esters of fatty acids, polyglycerol esters 
of fatty acids, lactic acid esters of monoglycerides. acetic add esters of monoglycerides, 
polyoxyethylene stearates. or lysoledthin, but the invention is particularly applicable to a 
dough which is made without addition of emulsrfiers (other than optionally phospholipid). 
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Baked product 

The process of the invention may be used for any kind of baked product prepared 
from dough, either of a soft or a crisp character, either of a white, light or dark type. Examples 
are bread (in particular white, wholenneal or rye bread), typically in the form of loaves or rolls, 
5 French baguette-type bread, pita bread, tortillas, cakes, pancakes, biscuits, cookies, muffins, 
pie crusts, crisp bread, steamed bread, pizza and the like. 

Additional enzyme 

Optionally, an additional enzyme may be used together with the lipolytic enzyme. 
The additional enzyme may be a second lipolytic enzyme (e.g. as described in PCT/ 

10 DK01/00472), an amylase, particularly an anti-staling amylase, an amyloglucosidase, a 
cyclodextrin glucanotransferase, or the additional enzyme may be a peptidase, In particular 
an exopeptidase, a transglutaminase, a cellulase, a hemicellulase, in particular a pento- 
sanase such as xylanase, a protease, a protein disulfide isomerase. e.g., a protein disulfide 
isomerase as disclosed in WO 95/00636, a glycosyltransferase. a branching enzyme (1,4-a- 

15 glucan branching enzyme), a 4-a-glucanotransferase (dextrin glycosyltransferase), a lactase 
(galactosidase), or an oxidoreductase, e.g., a peroxidase, a iaccase, a glucose oxidase, a 
pyranose oxidase, a lipoxygenase, an L-amino acid oxidase or a carbohydrate oxidase. 

The amylase may be a fungal or bacterial alpha-amylase, e.g. from Bacillus, particulariy 
B, lichenlformis or S. amyloliquefaciens, or Irom Aspergillus, particulariy A, oryzae, a beta- 

20 amylase, e.g. from plant (e.g. soy bean) or from microbial sources (e.g. Bacillus). The amy- 
lase may be an anti-staling amylase, as described in WO 99/53769, i.e. an amylase that is 
effective in retarding the staling (crumb firming) of baked products, particulariy a maltogenic 
alpha-amylase, e.g. from Bacillus stearothermophilus strain NCIB 11 837. 

Other uses 

25 The lipolytic enzyme variant may also be used in the production of pasta and noo- 

dles in analogy with EP 1 05741 5. 

A lipolytic enzyme variant with phospholipase activity may be used in cheese pro- 
duction as described in WO 00/54601. 

EXAMPLES 

30 Example 1: Variants based on a T. lanuginosus lipase variant 

A prior-art variant of the 7. lanuginosus lipase with phospholipase activity was cho- 
sen as the starting point (parent lipolytic enzyme), and variants were prepared by introducing 
further amino acid alterations into the prior-art variant. 
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Experiment A 

AcHvities of the new variants were detennined with ledthin and Ijreoleclthin (pure 1- 
phosphatldyl choline, 1-lysolecithin) as substrates by the methods described above. More 
specifically, 1.7 mL of the reaction mixture was shalcen for between 16 and 90 min in an 
5 Eppendorf tube shaken at 1300 rpm by an "Eppendorf Themiomixer comfort". The enzyme 
was inactivated at 95 C for 5 min, and centrifuged at 14000 rpm by Eppendorf centrifuge 
541 7R. The liberated fatty adds were detennined (relative to a control sample where the 
enzyme was inactivated before it was added to the substrate) by NEFA C test from Wako fol- 
lowing the ACS-ACOD method described for the NEFA-C test 
10 Three variants were found to have phospholipase activity and a to have a lower ratio 

of lysophospholipase to phospholipase than the prior-art variant. 

R84W +G91A +D96F +E99K +G263Q +L264A +I265T +G266D +T267A +L269N 
G91A +D96W +E99K +L227G +G263Q +L264A +I265T +G266D +T267A +L269N 
R84W +G91A +D96F +E99K +G263Q +L264A +I265T +G266S +T267A +L269N 
15 +270A+271G+272G+273F+274S 

Experiment B 

Activities of further variants were detennined with lecithin and lysolecithin (mixture of 
1- and 2-lysolecithin) as substrates at 0.1 and 2.5 mg/ml by the RLPLA method described 
above. All variants were found to have a high activity on lysoiedthin compared to ledthin. 
20 Variants having the following amino add alterations compared to SEQ ID NO: 14 

were found to have phospholipase activity and a to have a lower ratio of lysophospholipase to 
phospholipase than the prior-art variant. 


SPPCGRRP(-E) +Y21K +E99N +N101S +E239C +Q249R 

G91A +Dg6K +E99K +G263Q +L264A +I265T +G266D +T267A +L269N 

Y21V +R84G +G91A +D96F +E99K +G263Q +l^64A +I265T +G266D +T267A +L269N 
+270A +271 G +272G +273F +274S 

V60G +D62W +R84W +G91A +D96F +E99K +G263Q +L264A +I265T +G266D +T267A 
+L269N 

V60A +D62S +G91A +D96W +E99K +W221R +G263Q +L264A +I265T +G266D +T267A 
+L269N +270A +271 G +272G +273F +274S 

R84A + S85D + E87A +G91A +D96G +K98E +E99D 

G91 A +D96W +E99K +P250N +G263Q +L264A +I265T +G266D +T267A +L269N +270A 
+271 G +272G +273F +274S 
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G91A +D96W +E99K +P256N +G263Q +L264A +I265T +G266D +T267A +L269N +270A 
+271 G +272G +273F +274S 


R84W +G91A +D96W +E99K +Y261Q +G263Q +L264A +I265T +G266D +T267A +L269N 
+270A +271 G +272G +273F +274S 


G91A +D96W +E99K +P250L +P253Q +D254DEL +P257S +G263Q +L264A +I265T +G266D 
+T267A +I_269N +270A +271 G +272G +273F +274S 


R84Y + G91A + D96F + E99K + G263Q + L264A + I265T + G266D + T267A + L269N 


R84S + G91A + D96F + E99K + E1 29A +V203i +L206F + G263Q + L264A + I265T + G266D + 
T267A + L269N 


Example 2: Variants of F. oxysporum lipase/phospholipase 

Variants of the F. oxysporum lipase/phospholipase were prepared, having the follow- 
ing amino acid alterations compared to SEQ ID NO: 7: 
5 H257W 
S142A 

V157D+S271P 
S80T +A127T 
D263G 
10 Y21W 
S80T 

The following variants with modified C-temiinal sequences were prepared by making 
the substitutions R274A and/or R284A to remove one or two cleavage points for the Kex-2 
protease: 

15 R274A +275YRSAESVDKR 

R274A+275YRSAESVDKAATMTDAELEKKLNSYVQMDKEYVKNNQARS 

Activities of the variants and the parent enzyme were detemiined as in Example 2. 

Compared to the parent enzyme, the variants were found to have lower activity on lysoledthin 

and a lower ratio of lysoledthin activity to ledthin activity. 

20 Example 3: Preparation of dough 

Doughs were prepared from Meneba flour according to the European straight dough 
method (ABF-SP 1201.1) with 40 ppm Fungamyl Super MA (Novozymes), 40 ppm ascorbic 
add, and different dosages of lipolytic enzyme. 
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The Stickiness of the dough was evaluated an a 1-10 scale by the baker as the de- 
gree to which a dough adheres to ones hands or other surfaces, where 5 is identical to a con- 
trol without addition of lipolytic enzyme. 1 is the lowest degree of stickiness and 10 Is the 
highest degree of stickiness. 
5 The extensibility of the dough was evaluated an a 1 -1 0 scale by the baker as the de- 

gree to which a dough can be stretched without tearing , where 6 is Identical to a control with- 
out addition of lipolytic enzyme, 1 indicates the lowest (shortest) extensibility and 10 indi- 
cates the highest (longest) extensibility 

The elasticity of the dough was evaluated an a 1-10 scale by the baker as the de- 
10 gree to which a dough tends to recover its original shape after release from a deforming 
force, where 5 is Identical to a control without addition of lipolytic enzyme, 1 indicates the 
lowest (weakest) elasticity and 10 indicates the highest (strongest) elasticity. 

A lipolytic enzymes prepared in Example 1 was tested, and the prior-art variant was 
tested for comparison. The results were as follows 


Lipolytic en- 
zyme 

Dosage 

PUVRN 
ratio 

Stickiness 

Extensibility 

Elasticity 

Invention 

0.2 mg/kg dough 

690 

5 

6 

4 

Prior art 

250 LU/kg dough 

5800 

5 

7 

3 


Experiment B 


Lipolytic en- 
zyme 

Dosage 

RLPLA 
ratio 

Stickiness 

Extensibility 

Elasticity 

Invention 

0.2 mg/kg flour 

1.06 

4 

4 

6 

Prior art 

250 LU/kg dough 

1.58 

5 

5 

5 


The results show that lipolytic enzymes witii a lower ratio of lysolecithin activity to 
lecithin activity make doughs with a desirable combination of lower extensibility and higher 
elasticity than Uie prior-art lipolytic enzymes, and they furthennore tend to make a less sticky 
dough. 
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CLAIMS 

1. A method of produdng a lipolytic enzyme variant comprising: 

a) selecting a parent fungal lipolytic enzyme, 

b) selecting at least one amino add residue which comprises an atom (excluding H 
5 atoms) which in a three-dimensional model lies within 10 A of an atom (excluding H 

atoms) of a phospholipid docked with the parent lipolytic enzyme, or which is the O 
tenminal amino add, 

c) altering the selected amino acid. 

d) optionally, altering one or more amino adds other than those selected, 
10 e) preparing the variant resulting from the preceding steps, 

f) testing hydrolytic activities of the variant towards the bond B-C of a first substrate 
having the general fonnula A-B-C and towards the bond B'-C of a second substrate 
having the general fonnula A'-B*- (A"-B"-) C where: 

i) A and A' are fatty acyl groups, 
1 5 ii) B and B' are oxygen or sulfur 

iii) C is a polyol with B. B' and B" attached to OH groups, optionally hav- 
ing other functional groups, and optionally having a hydrophilic group at- 
tached to an OH group, 

g) selecting a variant having a ratio of activity on the first substrate to activity on the 
20 second substrate which is lower than the parent lipolytic enzyme, and 

h) producing the selected variant. 

2. A method of produdng a lipolytic enzyme variant comprising: 

a) selecting a parent fungallipoiytic enzyme, 

b) in the parent lipolytic enzyme selecting at least one amino acid residue 
25 con-esponding to any of residues 17-18. 20-23, 26, 37, 39, 62, 64, 80-96, 110-113, 

144-151, 171-177, 200-211, 213, 215, 227. 253-261 and 263-269 of the 7. 
lanuginosus lipase (SEQ ID NO: 14), 

c) altering the selected amino acid. 

d) optionally, altering one or more amino acids other than those selected, 
30 e) preparing the variant resulting from the preceding steps, 

f) testing hydrolytic activities of the variant towards the bond B-C of a first substrate 
having the general fonmula A-B-C and towards the bond B'-C of a second substrate 
having the general fonnula A'-B'- (A"-B"-) C where: 
i) A and A' are fatty acyl groups, 
35 ii) B and B' are oxygen or sulfur 
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HI) C Is a polyol with B, B' and B" attached to OH groups, optionally hav- 
ing other functional groups, and optionally having a hydrophilic group at- 
tached to an OH group, 

g) selecting a variant having a ratio of activity on the first substrate to activity on the 
5 second substrate which is lower than the parent lipolytic enzyme, and 

h) producing the selected variant. 

3. The method of either preceding daim wherein the first substrate is a lyso-phospholipid 
and the second substrate is a phospholipid. 

4. The method of the preceding daim wherein the parent lipolytic enzyme has phospholi- 
10 pase activity, particularly phospholipase A1 activity; 

5. The method of the preceding claim wherein the parent lipolytic enzyme also has digalac- 
tosyl diglyceride hydrolyzing activity and optionally triacylglycerol lipase activity. 

6. The method of any preceding daim wherein the parent lipolytic enzyme has an amino 
add sequence which is at least 50 % (particularly at least 90 %) identical to that of the Ther- 
ms momyces lanuginosus lipase (SEQ ID NO: 14), 

7. The method of the preceding claim wherein the alterations comprise substitution of at 
least one of L93, F95, V203 and L206 with an amino add residue which is smaller and/or 
more hydrophilic. 

8. The method of the preceding claim wherein the alterations comprise at least one of the 
20 substitutions L206V/S/T/A. V203T/S/A, F95I/17Y and L93V/I/A/T. 

9. The method of daim 5 wherein the alterations comprise substitution of at least one of 
P253, 1255 and P256 with an amino add which is larger. 

10. The method of claim 5 wherein the alterations comprise an amino add alteration in the 
region 247-260 or 265-269. 

25 11. The method of the preceding claim wherein the alterations comprise substitution of at 
least one of P253 and P256 with a different amino add residue. 

12. The method of daim 5 wherein the alterations comprise a substitution L227D, P253T/G/L, 
D254S/L, 1255, P256L/A, A257D/A. L259 or W260H. 
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13. The methcxl of daim 5 wherein the alterations comprise an amino acid alteration in the 
region 247-260 and an alteration of amino add L93. F95, V203 and L206. 


14. The method of any of daims 5-12 wherein the parent lipolytic enzyme compared to the T. 
lanuginosus lipase (SEQ ID NO: 14) comprises an amino add alteration at a position corre- 

5 sponding to R81, R84, S85. G263, L264, 1265, G266, T267 or L269 and/or a peptide exten- 
sion of 1-1 0 amino acids art the C-tenninal. 

15. A method of preparing a dough or a baked product made from dough, comprising prepar- 
ing a lipolytic enzyme variant by the method of any preceding daim and adding the lipolytic 
enzyme variant to the dough. 

10 16. A variant of a parent fungal lipolytic enzyme which variant comprises an amino acid al- 
teration corresponding to R84G/AA7S or L206F of SEQ ID NO: 14, has phospholipase activ- 
ity arid has a lysophospholipase to phpspholipase ratio corresponding to PUVRN below 500 
or RLPLA below 1.0. 

17. A lipolytic enzyme having an amino add sequence derived from the T. lanuginosus lipase 
15 (SEQ ID NO: 14) comprising the following amino add alterations: 

a) R84W +G91A +D96F +E99K +G263Q +L264A +I265T +G266D +T267A 
+L269N, 

b) G91A +D96W +E99K +L227G +G263Q +L264A +I265T +G266D +T267A 
+L269N, 

20 c) R84W +G91A:D96F +E99K +G263Q +L264A +12657 +G266S +T267A +L269N 

+270A +271G +272G +273F +274S. 

d) SPPCGRRP(-E) +Y21K +E99N +N101S +E239C +Q249R, 

e) G91A +D96K +E99K +G263Q +L264A +I265T +G266D +T267A +L269N, 

f) Y21V +R84G +G91A:D96F +E99K +G263Q +L264A +I265T +G266D +T267A 
25 +L269N +270A +271G +272G +273F +274S, 

g) V60G +D62W +R84W +G91A +D96F +E99K +G263Q +L.264A +I265T +G266D 
+T267A +L269N, 

h) V60A +D62S +G91 A +D96W +E99K +W221 R +G263Q +L264A +I265T +G266D 
+T267A +L269N +270A +271 G +272G +273F +274S, 

30 i) R84A + S85D + E87A +G91A +D96G +K98E +E99D, 

J) G91A +D96W +E99K +P25qN +G263Q +I_264A +I265T +G266D +T267A 
+L269N +270A +271 G +272G +273F +2748. 

k) G91A +D96W +E99K +P256N +G263Q +L264A +I265T +G266D +T267A 
+I-269N +270A +271G +272G +273F +274S, 
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I) R84W +G91A +D96W +E99K +Y261Q +G263Q +L264A +I265T +G266D 
+T267A +L269N +270A +271 G +272G +273F +274S, 

m) G91A +D96W +E99K +P250L +P253Q +D254DEL +P257S +G263Q +L264A 
+I265T +G266D +T267A +L269N +270A +271 G +272G +273F +274S. 
5 n) R84Y + G91A + D96F + E99K + G263Q + L264A + I265T + G266D + T267A + 

L269N, or 

0) R84S + G91A + D96F + E99K + E129A +V203i +L206F + G263Q + L264A + 
I265T + G266D + T267A + L269N. 

18. A lipolytic enzyme having an amino acid sequence derived from a Fusarium lipase conf>- 
10 prising at least one amino add alteration conresponding to the following in the Fusarium ox- 
ysporum lipase(phospholipase (SEQ ID NO: 7): 

a) H257W, 

b) S142A. 

c) V157D. 
15 d) S271P, 

e) S80T, 

f) A127T, 

g) D263G, 

h) Y21W, 
20 i) S80T. 

j) R274A, 

k) 275YRSAESVDKRor 

1) 275YRSAESVDKAATMTDAELEKKLNSYVQMDKEYVKNNQARS 


1 9. A lipolytic enzyme which: 
25 a) has an amino acid sequence having at least 90 % identity to that of the Thermo- 

myces lanuginosus lipase (SEQ ID NO: 14) or the Fusarium oxysporum li- 
pase/phospholipase (SEQ ID NO: 7), 

b) has phospholipase activity, and 

c) has a lysophospholipase to phospholipase ratio corresponding to PLARN below 
30 500 or RLPl^ below 1 .0. 
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1/39 

Fig, 1 

3D structure of Tbexmomyces lanuginosus lipase docked with 
lecithin 
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Fig. 1 cont. 
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5.419 -13.703 1.081 0.00 0.00 0 

4.846 -14.731 3.623 0.00 0.00 C 

6.062 -15.586 3.305 0.00 0.00 C 

6.945 -15.783 4,180 0.00 0.00 0 

6.141 -16.074 2.150 0.00 0.00 0 

5.927 -11.618 1.950 0.00 0.00 N 

6.366 -11.113 0.611 0.00 0.00 C 

7.812 -10.721 0.802 0.00 0.00 C 

8.289 -9.998 1.672 0.00 0.00 0 

5.346 -10.093 0.194 0.00 0.00 C 

8.519 -11.344 -0.105' 0.00 0.00 N 

9.972 -11.363 -0.218 0.00 0.00 C 

10 . 201 -10 . 907 -1 . 645 0 . 00 0 . 00 C 

9.476 -11.443 -2.495 0.00 0.00 O 

10.631 -12,772 0,110 0.00 0.00 C 

10.516 -13.752 -1.012 0.00 0.00 0 

10.085 -13.458 1.388 0.00 0.00 C 

11.228 -10.107 -1,759 0,00 0.00 N 

11.555 -9,543 -3.066 0.00 0.00 C 

12.320 -10.624 -3.824 0.00 0.00 C 

12.993 -11.336 -3.049 0.00 0.00 O 

12.552 -8.410 -2.920 0.00 0.00 C 

12.227 -7.206 -2.120 0.00 0.00 C 

11.833 -6.049 -2.806 0.00 0.00 C 

12.323 -7.176 -0.730 0.00 0.00 C 

11.521 -4.883 -2.118 0,00 0.00 C 

12.024 -6.005 -0,011 0.00 0,00 C 

11.626 -4.849 -0.716 0,00 0.00 C 

12,129 -10.782 -5.151 0.00 0.00 N 

13,014 -11.819 -5.701 0.00 0.00 C 

13.758 -11.090 -6.817 0,00 0.00 C 

14.749 -11.684 -7.302 0.00 0.00 O 

12.224 -12.943 -6.339 0.00 0.00 C 
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10.012 -13.831 -7.279 0.00 0.00 C 
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-3.167 -10.849 0.00 0.00 C 

-4.171 -10,376 0.00 0.00 C 

-2.216 -11.749 0,00 0.00 C 

-4,247 -10.801 0.00 0.00 C 

-2.287 -12.169 0,00 0,00 C 

-3.304 -11.694 0.00 0.00 C 

-0,259 -9.248 0.00 0,00 N 

1,201 -9.324 0.00 0.00 C 

1,656 -10.403 0.00 0.00 C 

0.981 -10.993 0,00 0.00 O 

1.911 -8.007 0.00 0.00 C 

2.498 -7.799 0.00 0,00 C 

2.943 -6.475 0.00 0.00 C 

4,070 -6.102 0.00 0.00 O 

2,045 -5.639 0.00 0,00 O 

2.890 -10.774 0.00 0.00 N 

3.810 -11.717 0.00 0.00 C 

3.104 -12.996 0.00 0.00 C 

3.461 -13.672 0.00 0.00 O 

4.591 -10.959 0.00 0.00 C. 

5.867 -10,288 0.00 0.00 C 

6.034 -9.044 0.00 0.00 O 

6.798 -11.056 0.00 0.00 O 

2.139 -13.442 0.00 0.00 N 

1.216 -14.538 0.00 0,00 C 

1.489 -15.945 0.00 0,00 . C 

1.769 -16.133 0.00 0.00 O 

0.061-14.119 0.00 0.00 C 

-1.095 -13.656 0.00 0.00 O 

1.292 -16,925 0.00 0.00 N 

1.426 -18.333 0.00 0.00 C 

2.850 -18.835 0.00 0.00 C 

3.778 -18.449 0.00 0.00 O 

2.970 -19.684 0.00 0.00 N 

4.333 -20.215 0.00 0.00 C 

5.232 -19.293 0,00 0.00 C 

6.116 -18.825 0.00 0.00 O 

4.234 -21.683 0.00 0.00 C 

5.572 -22.394 0.00 0.00 C 

3.227 -22-458 0.00 0.00 C 

5.269 -18.902 0.00 0.00 N 

6.397 -17.995 0.00 0.00 C 

6.263 -16.525 0.00 0.00 C 

6.613 -15.816 0.00 0.00 O 

5.808 -15.949 0.00 0.00 N 

5.636 -14.492 0.00 0.00 C 

4.510 -14.166 0.00 0.00 C 

4.738 -13.216 0.00 0.00 O 

6.844 -13.657 0.00 0.00 C 

6.733 -12.205 0.00 0,00 C 

7.681 -11.480 0.00 0.00 O 

5.589 -11.710 0.00 0,00 O 

3.386 -14.842 0.00 0.00 N 

2.348 -14.437 0.00 0.00 C 

1.767 -13.050 0.00 0.00 C 

1.159 -12.630 0.00 0.00 O 

1.422 -15.657 0.00 0.00 C 

0.476 -15.550 0.00 0.00 C 

2.188 -16,980 0.00 0.00 C 
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Fig. 1 cont. 
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11.631 -15.597 0,00 0.00 C 

10.874 -15.890 0.00 0.00 C 
10.406 -17.028 0.00 0.00 O 
10.673 -15.565 0.00 0.00 C 
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11.108 -13.768 0.00 0.00 C 
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10.848 -14.292 0.00 0.00 O 
10.682 -14.896 0,00 0.00 N 
10.035 -14,966 0.00 0.00 C 
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ATOM 768 CA ASN B 101 3.072 -3.590 -33.977 0.00 0 00 C 

ATOM 769 C ASN B 101 3.747 -4.947 -33.799 0.00 0.00 C 

ATOM 770 O ASN B 101 3.528 -5.936 -34.465 0.00 0.00 O 

ATOM 771 CB ASN B 101 2.688 -3.165 -35.380 0.00 0.00 C 

ATOM 772 CG ASN B 101 3.747 -2.952 -36.413 0.00 0 00 G 

ATOM 773 ODl ASN B 101 4.257 -1.827 -36.555 0.00 0.00 O 

ATOM 774 ND2 ASN B 101 4.073 -3.998 -37.177 0.00 0.00 N 

ATOM 775 N ASP B 102 4.525 -4.980 -32.776 0.00 0.00 N 

ATOM 776 CA ASP B 102 5.383 -5.871 -32.023 0.00 0 00 r 

ATOM 777 C ASP B 102 4.491 -6.281 -30.831 0.00 0.00 C 

ATOM 778 O ASP B 102 4.657 -7.367 -30.254 0.00 0.00 O 

ATOM 779 CB ASP B 102 6.679 -5.173 -31.738 0.00 0 00 C 

ATOM 780 CG ASP B 102 7.447 -5.164 -30.462 0.00 0.00 C 

ATOM 781 ODl ASP B 102 7.303 -5.987 -29.543 0.00 0 00 Q 

ATOM 782 0D2 ASP B 102 8.303 -4.236 -30.370 0.00 0 00 O 

ATOM 783 N ILB B 103 3.541 -5.403 -30.520 0.00 0 00 N 

ATOM 784 CA ILB B 103 2.589 -5.705 -29.458 0.00 0 00 C 

ATOM 785 C ILE B 103 1.301 -6.163 -30.160 0.00 0.00 C 

ATOM 786 0 ILE B 103 0.755 -7.217 -29.816 0.00 0.00 O 

ATOM 787 CB ILE B 103 2.228 -4.583 -28.437 0.00 0 00 C 

ATOM 788 CGI ILE B 103 3.465 -4.393 -27.540 0.00 0 00 C 

ATOM 789 CG2 ILE B 103 0.929 -4.904 -27.649 0.00 0 00 C 

ATOM 790 CDl ILE B 103 3.261 -3.840 -26.106 0.00 0.00 C 

ATOM 791 N CYS B 104 0.875 -5.286 -31.064 0.00 0.00 N 

ATOM 792 CA CYS B 104 -0.369 -5.638 -31.779 0.00 0.00 C 

ATOM 793 C CYS B 104 -0.377 -4.812 -33.054 0.00 0.00 C 

ATOM 794 O CYS B 104 0.272 -3.794 -33.196 0.00 0.00 O 

ATOM 795 CB CYS B 104 -1.617 -5.473 -30.952 0.00 0 00 C 

ATOM 796 S6 CYS B 104 -1.567 -4.045 -29.846 0.00 0 00 S 

ATOM 797 N SER B 105 -1.171 -5.430 -33.907 0.00 0.00 N 

ATOM 798 CA SER B 105 -1.363 -4.900 -35.274 0.00 0 00 C 

ATOM 799 C SER B 105 -2.227 -3.658 -35.165 0.00 0.00 C 

ATOM 800 O SER B 105 -3.328 -3.733 -34.596 0.00 0.00 O 

ATOM 801 CB SER B 105 -1.929 -5.960 -36.205 0.00 0 00 C 

ATOM 802 OG SER B 105 -0.898 -6.803 -36.743 0.00 0 00 O 

ATOM 803 N GLY B 106 -1.657 -2.576 -35.677 0.00 0.00 N 

ATOM 804 CA GLY B 106 -2.441 -1.321 -35.639 0.00 0 00 C 

ATOM 805 C GLY B 106 -2.009 -0.448 -34.482 0.00 0 00 C 

ATOM 806 O GLY B 106 -1.971 0.774 -34.727 0 . 00 0 00 O 

ATOM 807 N CYS B 107 -1.701 -1.026 -33.345 0.00 0.00 N 

ATOM 808 CA CYS B 107 -1.275 -0.282 -32.155 0.00 0.00 C 

ATOM 809 C CYS B 107 -0.146 0.714 -32.375 0.00 0 00 C 

ATOM 810 O CYS B 107 0.567 0.706 -33.391 0.00 0 00 O 

ATOM 811 CB CYS B 107 -0.911 -1.358 -31.133 0 00 

ATOM 812 SG CYS B 107 -2.286 -2.530 -31.050 0.00 „ 

^1°^. ?" ™ ? ^-^34 -31.426 0.00 0.00 N 

0.00 C 
0.00 . c 

0.00 o 


0.00 c 
0.00 S 


ATOM 814 CA ARG B 108 0.866 2.755 -31.316 0.00 

ATOM 815 C ARG B 108 0.879 3.159 -29.834 0 00 

ATOM 816 O ARG B 108 -0.153 3.115 -29.141 0.00 „ 

ATOM 817 CB ARG B 108 0.501 3.882 -32.239 0.00 0 00 C 

ATOM 818 CG ARG B 108 1.282 4.818 -33.106 0.00 0 00 C 

ATOM 819 CD ARG B 108 0.751 5.009 -34.499 0.00 0 00 C 

ATOM 820 NE ARG B 108 1.324 6.106 -35.244 0.00 0 00 N 

ATOM 821 CZ ARG B 108 1.249 7.392 -34.863 0.00 0 00 C 

ATOM 822 NHl ARG B 108 0.620 7.723 -33.735 0.00 o"oO N 

ATOM 823 NH2 ARG B 108 1.773 8.443 -35.523 0.00 0 00 N 

^3?" lit ? 2.022 3.565 -29.343 0.00 o!oO N 

0.00 C 

0.00 C 

0.00 o 


ATOM 825 CA GLY B 109 2.249 3.987 -27.978 0 00 

ATOM 826 C GLY B 109 3.064 5.244 -27.722 0.00 

ATOM 827 O GLY B 109 3.887 5.780 -28.480 0.00 
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Fig. X cont. 
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Fig. 1 cent. 
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0.00 

C 

ATOM 

2068 

CD2 

LEU B 

269 

7. 

.608 

9.965 

5, 

.108 

0.00 

0. 00 

C 

ATOM 

2069 

C 

LEU B 

269 

10. 

.275 

8.611 

1. 

.206 

0.00 

0.00 

c 

ATOM 

2070 

OT 

LEU B 

269 

10 . 

.582 

7.650 

0. 

.464 

0.00 

0.00 

o 

ATOM 

2071 

OE 

LEU B 

269 

11. 

.013 

9.581 

1. 

,572 

0.00 

0.00 

o 

ATOM 

2072 

N 

LI PI 

1 

4. 

155 

13.598 

-1, 

.915 

0.00 

0. 00 

N 

ATOM 

2073 

C 

LI PI . 

1 

2. 

,861 

13.926 

-1. 

250 

0.00 

0.00 

c 

ATOM 

2074 

CI 

LI PI 

1 

4. 

,774 

14.860 

-2. 

425 

0.00 

0.00 

c 

ATOM 

2075 

C2 

LI PI 

1 

5. 

074 

13.010 

-0. 

886 

0.00 

0.00 

c 

ATOM 

2076 

C3 

LI PI 

1 

3. 

966 

12.591 

-3. 

013 

0.00 

0.00 

c 

ATOM 

2077 

C4 

LI PI 

1 

5. 

223 

12.036 

-3. 

755 

0.00 

0.00 

c 

ATOM 

2078 

P7 

LI PI 

1 

6. 

100 

11.437 

-6. 

259 

0.00 

0.00 

p 

ATOM 

2079 

O 

LI PI 

1 

7. 

395 

12.033 

-5. 

825 

0.00 

0.00 

o 

ATOM 

2080 

Ol 

LIPl 

1 

6. 

313 

9.888 

-6. 

596 

0.00 

0.00 

o 

ATOM 

2081 

02 

LI PI 

1 

5. 

692 

12.177 

-7. 

616 

0.00 

0.00 

o 

ATOM 

2082 

03 

LIPl 

1 

4 . 

994 

11.629 

-5. 

114 

0.00 

0.00 

o 

ATOM 

2083 

C5 

LIPl 

1 

4. 

465 

12.841 

-7. 

934 

0.00 

0.00 

c 

ATOM 

2084 

C6 

LIPl 

1 

3. 

338 

11.836 

-8. 

307 

0.00 

0.00 

c 

ATOM 

2085 

04 

LIPl 

1 

3. 

696 

11.455 

-9. 

654 

0.00 

0.00 

o 

ATOM 

2086 

C7 

LIPl 

1 

2. 

798 

10.866 

-10.467 

0.00 

0.00 

c 

ATOM 

2087 

05 

LIPl 

1 

1. 

642 

10.851 

-10. 

076 

0.00 

0.00 

o 

ATOM 

2088 

C8 

LIPl 

1 

3. 

101 

10.251 

-11. 

822 

0.00 

0.00 

c 

ATOM 

2089 

C9 

LIPl 

1 

1. 

969 

12.593 

-8. 

232 

0.00 

0.00 

c 
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ATOM 

2090 

OS 

LIPl 

1 

1 

.547 

ATOM 

2091 

CIO 

III PI 

1 

1 

.299 

ATOM 

2092 

07 

LIPl 

1 

1 

.189 

ATOM 

2093 

Cll 

LIPl 

1 

1 

.206 

ATOM 

2094 

CI 2 

LIPl 

1 

2 

.109 

ATOM 

2095 

C13 

LIPl 

1 

2 

.280 

ATOM 

2096 

C14 

LIPl 

1 

1 

.529 

ATOM 

2097 

C15 

LIPl 

1 

2 

.514 

ATOM 

2098 

CI 6 

LIPl 

1 

1 

.777 

ATOM 

2099 

CI 7 

LIPl 

1 

2 

.720 

ATOM 

2100 

CI 8 

LIPl 

1 

2 

.305 

ATC^ 

2101 

'C19 

LIPl 

1 

1 

.392 

ATOM 

2102 

C20 

LIPl 

1 

0 

.630 

ATOM 

2103 

C21 

LIPl 

1 

1, 

.504 

ATOM 

2104 

C22 

LIPl 

1 

1. 

.441 

ATOM 

2105 

C23 

LIPl 

1 

1. 

.037 

ATOM 

2106 

C24 

LIPl 

1 

1< 

,603 

ATOM 

2107 

C25 

LIPl 

1 

1, 

.152 

ATOM 

2108 

C26 

LIPl 

1 

1. 

.923 

ATOM 

2109 

C27 

LIPl 

1 

3. 

.297 

ATOM 

2110 

C28 

LIPl 

1 

0. 

.835 

ATOM 

2111 

C29 

LIPl 

1 

0, 

.840 

ATOM 

2112 

C30 

LIPl 

1 

0, 

,897 

ATOM 

2113 

C31 

LIPl 

1 

1, 

,852 

ATOM 

2114 

C32 

LIPl 

1 

3, 

,337 

ATOM 

2115 

C33 

LIPl 

1 

4. 

,124 

ATOM 

2116 

C34 

LIPl 

1 

4. 

955 

ATOM 

2117 

C35 

LIPl 

1 

6. 

169 

ATOM 

2118 

C36 

LIPl 

1 

7. 

174 

ATOM 

2119 

C37 

LIPl 

1 

8. 

525 

ATOM 

2120 

C38 

LIPl 

1 

8. 

403 

ATOM 

2121 

C39 

LIPl 

1 

9. 

744 

ATOM 

2122 

C40 

LIPl 

1 

9. 

996 

ATOM 

2123 

C41 

LIPl 

1 

11. 

337 

END 
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13.297 -9.413 0.00 0.00 O 

14.602 -9.217 0.00 0.00 C 

15.109 -8.113 0.00 0.00 O 

15.420 -10.481 0.00 0.00 C 

10.843 -12.863 0.00 0.00 C 

10.311 -14.315 0.00 0.00 C 

11.164 -15.379 0.00 0.00 C 

11.916 -16.318 0.00 0.00 C 

12.992 -17.163 0.00 0.00 C 

13.701 -18.176 0.00 0.00 C 

13.410 -19.601 0.00 0.00 C 

14.120 -20.281 0.00 0.00 C 

15.294 -19.709 0.00 0.00 C 

16.579 -19.612 0.00 0.00 C 

17.308 -18.237 0.00 0.00 C 

18.806 -18.359 0.00 0.00 C 

19.657 -17.187 0.00 0.00 C 

21.141 -17.303 0.00 0.00 C 

22.058 -16.317 0.00 0.00 C 

22.481 -16.901 0.00 0.00 C 

16.897 -10.170 0.00 0.00 C 

17.805 -11.434 0.00 0.00 C 

19.305 -11.025 0.00 0.00 C 

20.136 -11.930 0.00 0.00 C 

20.097 -11.447 0.00 0.00 C 

21.381 -11.831 0.00 0,00 C 

21.156 -13.125 0.00 0.00 C 

22.116 -13.260 0.00 0.00 C 

21.736 -14.384 0.00 0-00 C 

21.285 -13.760 0.00 0.00 C 

20.156 -12.696 0.00 0.00 C 

19.418 -12.424 0.00 0.00 C 

18.294 -13.469 0.00 0.00 C 

17.561 -13.189 0.00 0.00 C 
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Fig . 2 

Alignment of fungal lipolytic enzyme sequences 


1 50 


seql 

SSSSTQDYRI 

ASEAEIKAHT 

FYTALSANA. 

YCR 

TVIPG 

seq2 

.SSSTQDYRI 

ASEAEIKAHT 

FYTALSANA. 

VCR 

TVIPG 

seq3 

. . SIDGGIRA 

ATSQEINELT 

YYTTLSANS. 

YCR 

TVIPG 

seq4 

.SASDGGKW 

AATTAQIQEF 

TKYAGIAATA 

YCR 

SWPG 

seq5 

TAGHAL 

AASTQ.GISE 

DLYSRL.VEM 

ATISQAAYAD 

LCHIPST. . . 

seq6 

TAGHAIi 

AASTQ.GISE 

DIjYSRL.VEM 

ATISQAAYAD 

LCNIPST. . . 

seq7 


GVTTTDFSNF 

KFYIQH6AAA 

YC. 

.NSEAAAGSK 

seq8 


TVTTQDLSNF 

RFYLQHADAA 

YC. 

.NFNTAVGKP 

seq9 


DIPTTQLEDF 

KFWVQYAAAT 

w YCP 

NNYVAKDGEK 

seqlO 


DVSTSELDQP 

EFWVQYAAAS 

YYK 

ADYTAQVGDK 

seqll 


SVSTSTIiDEL 

QLFAQWSAAA 

YCS 

NNID.SKDSN 

seql2 


SVSTSTLDEL 

QLFSQWSAAA 

YCS 

NNID.SDDSN 

seql3 


DVSSSLLNNL 

DLFAQYSAAA 

YCD 

ENLN.STGTK 

seql 4 


EVSQDLFNQF 

NLFAQYSAAA 

YCG 

KKNDAPAGTN 


51 

seql GRWSCPHCGV AS..NI1QITK 

seq2 GQWSCPHC3DV AP. .NLNITK 

seq3 ATWDCIHCDA TE . . DLKIIK 

seq4 NKWDCVQCQK WVP.DGKXXT 

seqS IIK 

seq6 IIK 

Beq7 ITCSNNGCPT VQGNGATIVT 

seq8 VHCSAGNCPD lEKDAAIWG 

seq9 LNCSVGNCPD VEAAGSTVKL 

seqlO LSCSKGNCPE VEATGATVSY 

seqll liTCTANACPS VEEASTTMLL 

Fig. 2 cont. 

seql2 VTCTADACPS VEEASTKMLL 

seql 3 LTCSVGNCPL VEAASTQSIJD 

seql4 ITCTGNACPE VEKADATFLY 


100 

TFST..LITD TNVLVAVGEK EKTIYWPRG 
TFTT..LITD TNVLYAVGEN EKTIYWFRG 
TWST. .lilYD TNAMVARGDS EKTIYIVPRG 
TFTS . . LLSD TWGYVLRDKQ KTIYLVFRGT 
GEKIYNSQTD IMGWILRDDS SKEIITVFRG 
GEKIYNSQTD INGWILRYC. .NSEAAAGSK 
SF. .VGSKTG IGGYVATDSA RKEIWSFRG 79 
SV. .VGTKTG IGAYVATDNA RKEIWSVRG 
SFS.DDTITD TAGFVAVDNT NKAIWAFRG 
DFS.DSTITD TAGYIAVDHT NSAWLiAPRG 
EFDIiTNDFGG TAGFLAADNT NKRLWAFRG 

EFDLTNNFGG TAGFIiAADNT NKRLWAFRG 
EFNESSSYGN PAGYLAADET NKLLVLSFRG 
SFE.DSGVGD VTGFLALDNT NKLIVLSFRG 82 


101 

seql TSSIRNAIAD IVFVPVNYPP 

seq2 TSSIRNAIAD IVFVPVNYPP 

seq3 SSSIRNWIAD LTFVPVSYPP 

seq4 NSFRSAITDI VFNPSDYKPV 

seqS XGSDTNIiQIiD TNYTLTPFDr 

seqS ITCSNNGCPT VQGNGATIVT 

seqV SINIRNPOjTN IiDFG.QEDCS 

seq8 SmVRNWITN FNPG.QKTCD 

seq9 SYSIRNWVTD ATFP.QTDP6 

seqlO SYSVRNWVAD ATFV.HTNPG 

seqll SSTIENWIAN UDPILEDNDD 

seql2 SSTIKNWIAD LDFILQDNDD 

seql3 SADLANWVAN IOT6I1EDASD 

seql4 SRSIENWIGN LNFDLKEIND 


150 

V. . .NGAKVH KGFLDSYNEV QDKLVAEVKA 

V. . .NGAKVH KGFLDSYNEV QDKLVAEVKA 

V. . .SGTKVH KGFLDSYGEV QNELVATVLD 

. . . KGAKVHA GFLSSYEQW NDYFPWQEQ 

LPQCNGCBVH 6GYYIGWVSV QDQVESLVKQ 

SF.. VGSKTG I6GYVATDDS SKEIITVFRG 

L..VSGC6VH SGFQRAWNEI SSQATAAVAS 126 

L. .VAGCGVH TGPLDAWEEV AANVKAAVSA 

L..CDGCKAE LGFWTAWKW RDRIIKTLDE 

L..CDGCLAE LGFWSSWKLV RDDIIKELKE 

L. .CTGCKVH T6FWKAWESA ADELTSKIKS 

L. .CTGCKVH TGFWKAWEAA ADNLTSKIKS 

L..CSGCEVH SGFWKAWSEI ADTITSKVES 

I. .CSGCRGH DGPTSSWRSV ADTLRQKVED 130 
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151 200 

seql QLDRHPGYKI WTGHSIiGGA TAVItSALDLY HHGHA N lEIYTQGQPR 

seq2 QLDRHPGYKI WTGHSLGGA TAVLSALDLY HH6HD N lEIYTQGQPR 

seq3 QFKQYPSYKV AVTOHSIiGGA TALLCALDLY QREEGLSSSN LFLYTQGQPR 
seq4 LTAHPTYKVI VTGHSLGGAQ ALLACMDLYQ REPRLSPKNL SIFTVGGPRV 

seq5 QVSQYPDYAL TVTGHSLGAS IiAAIiTAAQL. SATYD N IRLYTPGEPR 

seq6 TGSDTNLQLD TNYTLTPFDT LPQCNSCEVH GGYYIGWISV QDQVESLVQQ 

seq7 ARKANPSFNV ISTGHSI.GGA VAVIiAAANLR VGGT P VDIYTYGSPR 171 

seq8 AKTANPTFKF WTGHSXiGGA VATIAAAYLR KDGF P FDLYTYGSPR 

seq9 LKPBHSDYKI WVGHSLGAA lASLAAADLR TKNY D AILYAYAAPR 

seqlO WAQNPNYEI, WVGHSLGAA VATLAATDLR GKGYP S AKLYAYASPR 

seqll AMSTYSGYTL YFTGHSL6GA LATLGATVLR NDGY S VELYTYGCPR 

seql2 AMSTYSGYTL YFTGHSLGGA LATLGATVLR NDGY S VELYTYGCPR 

seql3 ALSDHSDYSL VLTGHSYGAA LAALAATALR NSGH. . . . .S VELYNY6QPR 
seql4 AVREHPDYRV YFTGHSLGGA LATVAGADLR GNGY D IDVFSYGAPR 175 



201 





250 

seql 

IGTPAFANYV 

IGT. . . 


KIPYQRLVHE 

RDIVPHLPP6 

AFGFLHAGEE 

seq2 

IGTPEFANYV 

IGT . . . 


KIPYQRLVNE 

RDIVPHLPPG 

APGPLHAGEE 

seq3 

VGDPAFANYV 

VST . . . 


GIPYRRTVNE 

RDIVPHLPPA 

APGFLHAGEE 

seq4 

GNPTFAYYVE 

ST. . . . 

. : .G 

IPFQRTVHKR 

DIVPHVPPQS 

FGFLHPGVES 

seqS 

SGNQAFASYM 

NDAFQASSPD TTQYFRVTHA NDGIPNLPPV 

EQGYAH6GVE 

seq6 

QVSQFPDYAL 

TVTGHSLGAS 

LAALTAAQL. 

SATYD. . . .K 

IRLYTPGEPR 

seq7 

VGNAQLSAFV 

SNQ. . . 


AGGEYRVTHA 

DDPVPRLPPL 

IFGYRHTTPE 

seq8 

VGNDFFANFV 

TQQ. . - 


TGAEYRVTHG 

DDPVPRLPPI 

VFGYRHTSPB 

seq9 

VANKPLAEFI 

TNQ. . . 


.GNNYRFTHN 

DDPVPKLPLL 

TMGYVHISPE 

seqlO 

VGNAALAKYI 

TAQ. . . 


.GNNFRFTHT 

NDPVPKLPLL 

SMGYVHVSPE 

seqll 

I6NYALAEHI 

TSQ. . . 

. . .G 

SGANFRVTHL NDIVPRVPPM DPGPSQPSPE 

seql 2 

VGNYAIiAEHI 

TSQ . , . 

. . .G 

SGANFPVTHL NDIVPRVPPM DFGFSQPSPE 

seql 3 

LGNEALATYI 

TDQ. . . 

. , .W 

KGGNYRVTHT 

NDIVPKLPPT 

LLGYHHFSPE 

seql 4 

VGNRAFAEFL 

TVQ. . . 

. . .T 

GGTLYRITHT 

NDIVPRLPPR 

EFGYSHSSPE 


251 

seql FWIMK DSSLRV 

seq2 FWIMK DSSLRV 

seq3 YWITD NSPETVQV 

seq4 WI KS GTSNVQI C 

seq5 YWSV DP YSAQNTFVCT 

seq6 S.NQAFASYM NDAFQASSPD 

seq7 FWLSGGGGDK VDYTISDVKV 

seq8 YWLNG.GPLD KDYTVTEIKV 

seq9 YYITA. .PDN TTVTDNQVTV 

seqlO YWITS. .PNH ATVSTSDIKV 

seqll YWITS. .GNG ASVTASDIEV 

seql2 YWITS.. GTG ASVTASDIEL 

seql3 YYISS. .ADE ATVTTTDVTE 

seql4 YWIKS..GTL VPVTRNDIVK 


300 

CPNGIETDNC SNSIVPFT. . SVIDHLSYLD 
CPNGIETDNC SNSIVPFT • . SVIDHLSYLD 
CTSDLETSDC SNSIVPFT.. SVLDHLSYFG 
TSEIETKDCS NSIVPFT..S ILDHLSYPDI 

GDEVQCCE.A (:^G(:yS\m NAHTTYP. 

TTQYFRVTHA NDGIPNLPPA DE6YAHGWE 
CEGAANLG.C NGGTLGL. . . DIAAHLHYP. 259 
CEGIANVM.C NGGTIGL... DILAHITYP. 
LDGYVNFK.G NTGTSG6LPD LLAPHSHVWY 
IDGDVSFD.G NTGTGLPLLT DFEAHIWYP. 
lEGINSTA.G NAGEATV. . . SVLAHLWYP. 
lEGINSTA.G NAGEATV... DVLAHLWYP. 
VTGIDATG.G NDGTDGT. . . SIDAHRWYP. 
lEGIDATG.G NNQPNIP... DIPAHLWYP. 262 
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301 350 

eeql MNTGI^^CL 

seq2 MNTGL . CL 

seq3 INTGIi.CT 

seq4 S7E6S..CL 

seqS GMTSGACTW 

Beq6 YWSV DP YSAQNTFVCT GDEVQCCE.A QGGQGVN NAHTTYF. 

seq7 QATDA.CNAG GFSWRR 274 

seq8 QSMAT . CAPI AIPWKR • 

seq9 FIHADACKGP GLPLR 

seqlO VQVDAGKGPG LPFKR 

seqll PAISE.CLIj 

Beql2 PAISE.CLL 

seql3 lYISE.CS 

seql4 GLIGT.CL.. 269 


351 366 

seql 

seq2 

seq3 

seq4 

seq5 

seq6 GMTSGHCTW 

seq7 

seq8 

seq9 

seqlO 

seqll 

seql2 

seql3 

seql4 
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SEQUENCE LISTING 

<110> Novozymes A/S 
<120> Lipolytic Enzymes 
<130> 10248-WO 
<160> 14 

<170> Patent In version 3.1 

<210> 1 
<211> 265 
<212> PRT 

<213> Absidia reflexa 
<400> 1 

ser Ser ser Sen Thr Gin Asp Tyr Arg lie Ala ser Glu Ala Glu lie 
15 10 15 

Lys Ala His Thr Phe Tyr Thr Ala Leu Ser Ala Asn Ala Tyr Cys Arg 
20 25 30 

Thr val lie Pro Gly Gly Arg Trp ser Cys Pro His Cys Gly val Ala 
35 40 45 

ser Asn Leu Gin lie Thr Lys Thr Phe ser Thr Leu lie Thr Asp Thr 


50 55 60 

Asn val Leu val Ala val Gly Glu Lys Glu Lys Thr lie Tyr val val 
65 70 75 80 

Phe Arg Gly Thr Ser ser lie Arg Asn Ala lie Ala Asp lie val Phe 
85 90 95 

val Pro Val Asn Tyr Pro Pro val Asn Gly Ala Lys Val His Lys Gly 
100 105 110 

Phe Leu Asp Ser Tyr Asn Glu Val Gin Asp Lys Leu Val Ala Glu Val 
115 120 125 

Lys Ala Gin Leu Asp Arg His Pro Gly Tyr Lys lie Val Val Thr Gly 
130 135 140 

His Ser Leu Gly Gly Ala Thr Ala Val Leu ser Ala Leu Asp Leu Tyr 
145 150 155 160 

His His Gly His Ala Asn lie Glu lie Tyr Thr Gin Gly Gin Pro Arg 
165 170 175 

lie Gly Thr Pro Ala Phe Ala Asn Tyr Val He Gly Thr Lys He Pro 
180 185 190 

Tyr Gin Arg Leu val His Glu Arg Asp lie Val Pro His Leu pro Pro 

Page 1 


PCT/DK03/00028 

10248-WO.ST25.txt 
195 200 205 

Gly Ala Phe Gly Phe Leu His Ala Gly Glu Glu Phe Trp lie Met Lys 
210 215 220 

Asp ser ser Leu Arg val Cys Pro Asn Gly He Glu Thr Asp Asn Cys 
225 230 235 240 

Ser Asn Ser lie val Pro Phe Thr ser val lie Asp His Leu ser Tyr 
245 250 255 

Leu Asp Met Asn Thr Gly Leu Cys Leu 
260 265 

<210> 2 
<211> 264 
<212> PRT 

<213> Absidia corymbifera 
<400> 2 

Ser ser Ser Thr Gin Asp Tyr Arg He Ala Ser Glu Ala Glu lie Lys 
15 10 15 

Ala His Thr Phe Tyr Thr Ala Leu ser Ala Asn Ala Tyr cys Arg Thr 
20 25 30 

Val lie Pro Gly Gly Gin Trp ser cys Pro His cys Asp Val Ala Pro 
35 40 45 

Asn Leu Asn lie Thr Lys Thr Phe Thr Thr Leu He Thr Asp Thr Asn 
50 55 60 

Val Leu Val Ala Val Gly Glu Asn Glu Lys Thr lie Tyr Val val Phe 
65 70 75 80 

Arg Gly Thr Ser Ser He Arg Asn Ala He Ala Asp He Val Phe Val 
85 90 95 

Pro val Asn Tyr Pro pro Val Asn Gly Ala Lys Val His Lys Gly Phe 
100 105 110 

Leu Asp ser Tyr Asn Glu Val Gin Asp Lys Leu Val Ala Glu val Lys 
115 120 125 

Ala Gin Leu Asp Arg His Pro Gly Tyr Lys lie Val Val Thr Gly His 
130 135 140 

ser Leu Gly Gly Ala Thr Ala Val Leu Ser Ala Leu Asp Leu Tyr His 
145 150 155 160 

His Gly His Asp Asn He Glu He Tyr Thr Gin Gly Gin Pro Arg He 
165 170 175 
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Gly Thr Pro Glu Phe Ala Asn Tyr Val lie Gly Thr Lys lie Pro Tvr 
180 185 190 

Gin Arg Leu Val Asn Glu Arg Asp He Val Pro His Leu Pro Pro Gly 
195 200 205 

Ala Phe Gly Phe Leu His Ala Gly Glu Glu Phe Trp lie Met Lys asd 
210 215 220 ^ 

ser Ser Leu Arg val Cys Pro Asn Gly He Glu Thr Asp Asn Cys Ser 
225 230 235 240 

Asn Ser He Val Pro Phe Thr ser Val He Asp His Leu Ser Tyr Leu 
245 250 255 

Asp Met Asn Thr Gly Leu Cys Leu 
260 

<210> 3 
<211> 269 
<212> PRT 

<213> Rhizomucor tniehei 
<400> 3 

ser He Asp Gly Gly He Arg Ala Ala Thr Ser Gin Glu He Asn Glu 
1 5 10 15 

Leu Thr Tyr Tyr Thr Thr Leu Ser Ala Asn Ser Tyr cys Arg Thr Val 
20 25 30 

He Pro Gly Ala Thr Trp Asp cys lie His cys Asp Ala Thr Glu Asp 
35 40 45 

Leu Lys He lie Lys Thr Trp ser Thr Leu He Tyr Asp Thr Asn Ala 
50 55 60 

Met Val Ala Arg Gly Asp ser Glu Lys Thr He Tyr He val Phe Arg 
65 70 75 80 

Gly ser Ser ser He Arg Asn Trp He Ala Asp Leu Thr Phe Val Pro 
85 90 95 

val Ser Tyr Pro Pro Val Ser Gly Thr Lys Val His Lys Gly Phe Leu 
100 105 no 

Asp Ser Tyr Gly Glu Val Gin Asn Glu Leu val Ala Thr Val Leu Asp 
115 120 125 

Gin Phe Lys Gin Tyr Pro Ser Tyr Lys val Ala Val Thr Gly His Ser 
130 135 140 
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Leu Gly Gly Ala Thr Ala Leu Leu Cys Ala Leu Asp Leu Tyr Gin Arg 
145 150 155 160 

Glu Glu Gly Leu ser ser ser Asn Leu Phe Leu Tyr Thr Gin Gly Gin 
165 170 175 

Pro Arg Val Gly Asp Pro Ala Phe Ala Asn Tyr Val Val Ser Thr Gly 
180 185 190 

lie pro Tyr Arg Arg Thr Val Asn Glu Arg Asp He Val Pro His Leu 
195 200 205 

pro Pro Ala Ala Phe Gly Phe Leu His Ala Gly Glu Glu Tyr Trp He 
210 215 220 

Thr Asp Asn Ser Pro Glu Thr val Gin Val Cys Thr Ser Asp Leu Glu 
225 230 235 240 

Thr Ser Asp cys Ser Asn Ser He Val Pro Phe Thr Ser Val Leu Asp 
245 250 255 

His Leu ser Tyr Phe Gly He Asn Thr Gly Leu Cys Thr 
260 265 

<210> 4 
<211> 270 
<212> PRT 

<213> Rhizopus oryzae 
<400> 4 

ser Ala Ser Asp Gly Gly Lys Val Val Ala Ala Thr Thr Ala Gin He 
15 10 15 

Gin Glu Phe Thr Lys Tyr Ala Gly He Ala Ala Thr Ala Tyr Cys Arg 
20 25 30 

ser Val val Pro Gly Asn Lys Trp Asp Cys val Gin cys Gin Lys Trp 
35 40 45 

val pro Asp Gly Lys He lie Thr Thr Phe Thr Ser Leu Leu Ser Asp 
50 55 60 

Thr Asn Gly Tyr val Leu Arg Asp Lys Gin Lys Thr He Tyr Leu val 
65 70 75 80 

Phe Arg Gly Thr Asn Ser Phe Arg Ser Ala He Thr Asp He Val Phe 
85 90 95 

Asn Phe ser Asp Tyr Lys Pro Val Lys Gly Ala Lys Val His Ala Gly 
100 105 110 
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Phe Leu ser Ser Tyr Glu Gin val Val Asn Asp Tyr Phe Pro Val val 
115 120 125 

Gin Glu Gin Leu Thr Ala His Pro Thr Tyr Lys val He Val Thr Gly 
130 135 140 ■ 

His ser Leu Gly Gly Ala Gin Ala Leu Leu Ala Gly Met Asp Leu Tyr 
145 150 155 160 

Gin Arg Glu Pro Arg Leu Ser Pro Lys Asn Leu ser He Phe Thr Val 
165 170 175 

Gly Gly Pro Arg Val Gly Asn Pro Thr Phe Ala Tyr Tyr Val Glu ser 
180 185 190 

Thr Gly He Pro Phe Gin Arg Thr Val His Lys Arg Asp He Val Pro 
195 200 205 

His val Pro Pro Gin Ser Phe Gly Phe Leu His Pro Gly Val Glu ser 
210 215 220 

Trp He Lys ser Gly Thr Ser Asn val Gin He Cys Thr ser Glu He 
225 230 235 240 

Glu Thr Lys Asp Cys Ser Asn Ser He Val Pro Phe Thr Ser He Leu 
245 250 255 

Asp His Leu Ser Tyr Phe Asp He Asn Glu Gly Ser cys Leu 
260 265 270 

<210> 5 
<211> 267 
<212> PRT 

<213> Aspergillus niger 
<400> 5 

Thr Ala Gly His Ala Leu Ala Ala Ser Thr Gin Gly He Ser Glu Asp 
1 5 10 15 

Leu Tyr ser Arg Leu val Glu Met Ala Thr He ser Gin Ala Ala Tyr 
20 25 30 

Ala Asp Leu Cys Asn He Pro Ser Thr He lie Lys Gly Glu Lys He 
35 40 45 

Tyr Asn Ser Gin Thr Asp He Asn Gly Trp He Leu Arg Asp Asp Ser 
50 55 60 

ser Lys Glu He He Thr Val Phe Arg Gly Thr Gly Ser Asp Thr Asn 
65 70 75 80 

Leu Gin Leu Asp Thr Asn Tyr Thr Leu Thr Pro Phe Asp Thr Leu Pro 
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85 90 95 

Gin cys Asn Gly Cys Glu Val His Gly Gly Tyr Tyr He Gly Trp val 
100 105 110 

sen val Gin Asp Gin val Glu ser Leu val Lys Gin Gin val ser Gin 
115 120 125 

Tyr Pro Asp Tyr Ala Leu Thr Val Thr Gly His ser Leu Gly Ala ser 
130 135 140 

Leu Ala Ala Leu Thr Ala Ala Gin Leu ser Ala Thr Tyr Asp Asn lie 
145 150 155 160 

Arg Leu Tyr Thr Phe Gly Glu Pro Arg ser Gly Asn Gin Ala Phe Ala 
165 170 175 

Ser Tyr Met Asn Asp Ala Phe Gin Ala ser Ser Pro Asp Thr Thr Gin 
180 185 190 

Tyr Phe Arg Val Thr His Ala Asn Asp Gly lie Pro Asn Leu Pro Pro 
195 200 205 

Val Glu Gin Gly Tyr Ala His Gly Gly Val Glu Tyr Trp Ser Val Asp 
210 215 220 

Pro Tyr Ser Ala Gin Asn Thr Phe Val Cys Thr Gly Asp Glu Val Gin 
225 230 235 240 

cys cys Glu Ala Gin Gly Gly Gin Gly val Asn Asn Ala His Thr Thr 
245 250 255 

Tyr Phe Gly Met Thr Ser Gly Ala cys Thr Trp 
260 265 

<210> 6 
<211> 312 
<212> PRT 

<213> Aspergillus tubingensis 
<400> 6 

Thr Ala Gly His Ala Leu Ala Ala Ser Thr Gin Gly lie Ser Glu Asp 
15 10 15 

Leu Tyr Ser Arg Leu val Glu Met Ala Thr He Ser Gin Ala Ala Tyr 
20 25 30 

Ala Asp Leu cys Asn lie Pro Ser Thr lie lie Lys Gly Glu Lys lie 
35 40 45 

Tyr Asn ser Gin Thr Asp lie Asn Gly Trp He Leu Arg Tyr Cys Asn 
50 55 60 
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ser Glu Ala Ala Ala Gly ser Lys lie Thr cys Ser Asn Asn Gly cys 
65 70 75 80 

Pro Thr Val Gin Gly Asn Gly Ala Thr lie val Thr ser Phe val Gly 
85 90 95 

ser Lys Thr Gly lie Gly Gly Tyr val Ala Thr Asp Asp ser ser Lys 
100 105 110 

Glu He lie Thr Val Phe Arg Gly Thr Gly Ser Asp Thr Asn Leu Gin 
115 120 125 

Leu Asp Thr Asn Tyr Thr Leu Thr Pro Phe Asp Thr Leu Pro Gin cys 
130 135 140 

Asn Ser Cys Glu val His Gly Gly Tyr Tyr lie Gly Trp lie ser Val 
145 150 155 160 

Gin Asp Gin val Glu Ser Leu val Gin Gin Gin Val Ser Gin Phe Pro 
165 170 175 

Asp Tyr Ala Leu Thr val Thr Gly His Ser Leu Gly Ala Ser Leu Ala 
180 185 190 

Ala Leu Thr Ala Ala Gin Leu Ser Ala Thr Tyr Asp Asn lie Arg Leu 
195 200 205 

Tyr Thr Phe Gly Glu Pro Arg ser Asn Gin Ala Phe Ala ser Tyr Met 
210 215 220 

Asn Asp Ala Phe Gin Ala Ser ser Pro Asp Thr Thr Gin Tyr Phe Arg 
225 230 235 240 

Val Thr His Ala Asn Asp Gly lie Pro Asn Leu Pro Pro Ala Asp Glu 
245 250 255 

Gly Tyr Ala His Gly Val val Glu Tyr Trp Ser val Asp Pro Tyr ser 
260 265 270 

Ala Gin Asn Thr Phe Val Cys Thr Gly Asp Glu val Gin Cys Cys Glu 
275 280 285 

Ala Gin Gly Gly Gin Gly val Asn Asn Ala His Thr Thr Tyr Phe Gly 
290 295 300 

Met Thr Ser Gly His Cys Thr Trp 
305 310 

<210> 7 
<211> 274 
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<213> Fusarium oxysporum 
<400> 7 

Gly val Thr Thr Thr Asp Phe Ser Asn Phe Lys Phe Tyr He Gin His 
5 10 15 

Gly Ala Ala Ala Tyr Cys Asn sen Glu Ala Ala Ala Gly Ser Lys lie 
20 25 30 

Thr cys ser Asn Asn Gly cys Pro Thr val Gin Gly Asn Gly Ala Thr 
35 40 45 

lie val Thr ser Phe Val Gly ser Lys Thr Gly He Gly Gly TVr Val 
50 55 60 

Ala Thr Asp ser Ala Arg Lys Glu lie Val val ser Phe Arq Gly ser 
65 70 75 80 

lie Asn lie Arg Asn Trp Leu Thr Asn Leu Asp Phe Gly Gin Glu Asp 
85 90 95 

cys ser Leu Val Ser Gly cys Gly Val His Ser Gly Phe Gin Arg Ala 
100 105 110 

Trp Asn Glu He Ser ser Gin Ala Thr Ala Ala Val Ala Ser Ala Arg 
115 120 125 

Lys Ala Asn Pro Ser Phe Asn Val He ser Thr Gly His Ser Leu Gly 
130 135 140 

Gly Ala Val Ala Val Leu Ala Ala Ala Asn Leu Arg Val Gly Gly Thr 
145 150 155 160 

Pro val Asp He Tyr Thr Tyr Gly Ser Pro Arg Val Gly Asn Ala Gin 
165 170 175 

Leu ser Ala Phe Val ser Asn Gin Ala Gly Gly Glu Tyr Arg Val Thr 
180 185 190 

His Ala Asp Asp Pro val Pro Arg Leu Pro Pro Leu lie Phe Gly Tvr 
195 200 205 

Arg His Thr Thr Pro Glu Phe Trp Leu ser Gly Gly Gly Gly Asp Lys 
210 215 220 

val Asp Tyr Thr He Ser Asp Val Lys val Cys Glu Gly Ala Ala Asn 
225 230 235 240 

Leu Gly cys Asn Gly Gly Thr Leu Gly Leu Asp He Ala Ala His Leu 
245 250 255 
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His Tyr Phe Gin Ala Thr Asp Ala cys Asn Ala Gly Gly Phe ser Trp 
"^^^ 265 270 

Arg Arg 


<210> 8 
<211> 273 
<212> PRT 

<213> Fusarium heterosporum 
<400> 8 

Thr val Thr Thr Gin Asp Leu Ser Asn Phe Arg Phe Tyr Leu Gin His 
^ 10 15 

Ala Asp Ala Ala Tyr Cys Asn Phe Asn Thr Ala val Gly Lys Pro Val 

25 30 


His cys ser Ala Gly Asn cys Pro Asp lie Glu Lys Asp Ala Ala II 

40 45 


val val Gly ser Val Val Gly Thr Lys Thr Gly lie Gly Ala Tyr Val 


60 


Ala Thr Asp Asn Ala Arg Lys Glu He Val Val Ser Val Arg Gly Ser 

^0 75 80 

He Asn val Arg Asn Trp He Thr Asn Phe Asn Phe Gly Gin Lys Thr 
55 90 95 


cys Asp Leu val Ala Gly cys Gly val His Thr Gly Phe Leu Asp Al 
100 105 ^ 


110 


a 


Trp Glu Glu val Ala Ala Asn Val Lys Ala Ala Val ser Ala Ala Lys 
•*"*-■> 120 125 

Thr Ala Asn Pro Thr Phe Lys Phe val Val Thr Gly His Ser Leu Gly 

135 140 

Gly Ala val Ala Thr He Ala Ala Ala Tyr Leu Arg Lys Asp Gly Phe 

J-DU 155 260 

Pro Phe Asp Leu Tyr Thr Tyr Gly ser Pro Arg val Gly Asn Asp phe 
165 170 17^ 

Phe Ala Asn Phe Val Thr Gin Gin Thr Gly Ala Glu Tyr Arg val Thr 

185 190 

His Gly ASP Asp Pro Val Pro Arg Leu Pro Pro He Val Phe Gly Tvr 

200 205 
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Arg HIS Thr ser Pro Glu Tyr Trp Leu Asn Gly gy Pro Leu Asp Lys 

ASP Tyr Thr Val Thr Glu He Lys Val cys Glu Gly He Ala Asn Val 

235 240 

Met cys Asn Gly Gly Thr He Gly Leu Asp He Leu Ala His He Thr 
^45 250 255 

Tyr Phe Gin ser Met Ala Thr cys Ala Pro He Ala He Pro Trp Lys 

265 270 

Arg 


<210> 9 
<211> 278 
<212> PRT 

<213> Aspergillus oryzae 
<400> 9 

Asp He Pro Thr Thr Gin Leu Glu Asp phe Lys Phe Trp Val Gin Tyr 
5 10 15 

Ala Ala Ala Thr Tyr cys Pro Asn Asn Tyr Val Ala Lys Asp Gly Glu 

25 30 

Lys Leu Asn Cys ser val Gly Asn Cys Pro Asp val Glu Ala Ala Gly 
^> 40 45 ^ 

ser Thr Val Lys Leu Ser Phe ser Asp Asp Thr He Thr Asp Thr Ala 

55 60 

Gly Phe val Ala Val Asp Asn Thr Asn Lys Ala He Val val Ala Phe 

75 80 

Arg Gly ser Tyr Ser He Arg Asn Trp Val Thr Asp Ala Thr Phe Pro 
85 90 95 

Gin Thr Asp Pro Gly Leu cys Asp Gly cys Lys Ala Glu Leu Gly Phe 

-^00 105 no 

Trp Thr Ala Trp Lys Val val Arg Asp Arg He He Lys Thr Leu Asp 
J-L^ 120 125 

Glu Leu Lys Pro Glu His ser Asp Tyr Lys He val val val Gly His 
■^^^ 135 140 

Sep Leu Gly Ala Ala lie Ala ser Leu Ala Ala Ala Asp Leu Arg Thr 

155 160 

Lys Asn Tyr Asp Ala He Leu Tyr Ala Tyr Ala Ala Pro Arg val Ala 
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Asn Lys Pro Leu Ala Glu Phe He Thr Asn Gin Gly Asn Asn Tyr Ara 
180 185 190 

Phe Thr His Asn Asp Asp Pro val Pro Lys Leu Pro Leu Leu Thr Met 
195 200 205 

Gly Tyr Val His He ser Pro Glu Tyr Tyr He Thr Ala Pro Asp Asn 

c,Xj 220 

Thr Thr Val Thr Asp Asn Gin Val Thr Val Leu Asp Gly Tyr Val Asn 

230 235 240 

Phe Lys Gly Asn Thr Gly Thr Ser Gly Gly Leu Pro Asp Leu Leu Ala 
245 250 255 

Phe His ser His Val Trp Tyr Phe He His Ala Asp Ala Cys Lys Gly 
2oO 265 270 

Pro Gly Leu Pro Leu Arg 
275 

<210> 10 

<211> 278 

<212> PRT 

<213> Penici Ilium camemberti 

<400> 10 

Asp val ser Thr Ser Glu Leu Asp Gin Phe Glu Phe Trp Val Gin Tyr 
J- 5 10 15 

Ala Ala Ala Ser Tyr Tyr Glu Ala Asp Tyr Thr Ala Gin Val Gly Asp 
20 25 30 

Lys Leu ser cys ser Lys Gly Asn Cys Pro Glu Val Glu Ala Thr Gly 
35 40 45 

Ala Thr val Ser Tyr Asp Phe Ser Asp Ser Thr He Thr Asp Thr Ala 
50 55 60 

Gly Tyr He Ala Val Asp His Thr Asn Ser Ala Val Val Leu Ala Phe 
65 70 75 80 

Arg Gly ser Tyr Ser Val Arg Asn Trp val Ala Asp Ala Thr Phe val 
85 90 95 

His Thr Asn Pro Gly Leu cys Asp Gly cys Leu Ala Glu Leu Gly Phe 

105 

Trp ser ser Trp Lys Leu val Arg Asp Asp He He Lys Glu Leu Lvs 
115 120 125 
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Glu Val val Ala Gin Asn Pro Asn Tyr Glu Leu Val Val Val Gly His 
130 135 140 

sen Leu Gly Ala Ala val Ala Thr Leu Ala Ala Thr Asp Leu Arg Gly 
145 150 155 160 

Lys Gly Tyr Pro Ser Ala Lys Leu Tyr Ala Tyr Ala ser Pro Arg val 
165 170 175 

Gly Asn Ala Ala Leu Ala Lys Tyr lie Thr Ala Gin Gly Asn Asn Phe 
180 185 190 

Arg Phe Thr His Thr Asn Asp Pro Val Pro Lys Leu Pro Leu Leu Ser 
195 200 205 

Met Gly Tyr val His val Ser Pro Glu Tyr Trp lie Thr Ser Pro Asn 
210 215 220 

Asn Ala Thr Val Ser Thr Ser Asp lie Lys Val lie Asp Gly Asp Val 
225 230 235 240 

ser Phe Asp Gly Asn Thr Gly Thr Gly Leu Pro Leu Leu Thr Asp Phe 
245 250 255 

Glu Ala His He Trp Tyr Phe val Gin Val Asp Ala Gly Lys Gly Pro 
260 265 270 

Gly Leu Pro Phe Lys Arg 
275 

<210> 11 
<211> 270 
<212> PRT 

<213> Aspergillus foetidus 
<400> 11 

Ser Val Ser Thr Ser Thr Leu Asp Glu Leu Gin Leu Phe Ala Gin Trp 
15 10 15 

Ser Ala Ala Ala Tyr cys Ser Asn Asn lie Asp ser Lys Asp Ser Asn 
20 25 30 

Leu Thr Cys Thr Ala Asn Ala Cys Pro Ser Val Glu Glu Ala Ser Thr 
35 40 45 

Thr Met Leu Leu Glu Phe Asp Leu Thr Asn Asp Phe Gly Gly Thr Ala 
50 55 60 

Gly Phe Leu Ala Ala Asp Asn Thr Asn Lys Arg Leu val Val Ala Phe 
65 70 75 80 
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Arg Gly ser Ser Thr lie Glu Asn Trp He Ala Asn Leu Asp Phe lie 
85 90 95 

Leu Glu Asp Asn Asp Asp Leu Cys Thr Gly cys Lys val His Thr Gly 
100 105 110 

Phe Trp Lys Ala Trp Glu Ser Ala Ala Asp Glu Leu Thr Ser Lys lie 
115 120 125 

Lys ser Ala Met ser Thr Tyr ser Gly Tyr Thr Leu Tyr Phe Thr Gly 
130 135 140 

His Ser Leu Gly Gly Ala Leu Ala Thr Leu Gly Ala Thr Val Leu Arg 
145 150 155 160 

Asn Asp Gly Tyr ser Val Glu Leu Tyr Thr Tyr Gly Cys Pro Arg lie 
165 170 175 

Gly Asn Tyr Ala Leu Ala Glu His lie Thr Ser Gin Gly Ser Gly Ala 
180 185 190 

Asn Phe Arg Val Thr His Leu Asn Asp He Val Pro Arg val Pro Pro 
195 200 205 

Met Asp Phe Gly Phe Ser Gin Pro ser Pro Glu Tyr Trp lie Thr ser 
210 215 220 

Gly Asn Gly Ala Ser Val Thr Ala Ser Asp lie Glu Val lie Glu Gly 
225 230 235 240 

lie Asn Ser Thr Ala Gly Asn Ala Gly Glu Ala Thr Val Ser val Leu 
245 250 255 

Ala His Leu Trp Tyr Phe Phe Ala lie ser Glu Cys Leu Leu 
260 265 270 

<210> 12 
<213> 270 
<212> PRT 

<213> Aspergillus niger 
<400> 12 

ser val ser Thr Ser Thr Leu Asp Glu Leu Gin Leu Phe Ser Gin Trp 
15 10 15 

Ser Ala Ala Ala Tyr Cys ser Asn Asn lie Asp ser Asp Asp Ser Asn 
20 25 30 

Val Thr cys Thr Ala Asp Ala Cys Pro Ser Val Glu Glu Ala Ser Thr 
35 40 45 
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Lys Met Leu Leu Glu Phe Asp Leu Thr^L'n^Asri'^Vh?Gly Gly Thr Ala 

j-> 60 

Gly Phe Leu Ala Ala Asp Asn Thr Asn Lys Arg Leu val val Ala Phe 

70 75 gQ 

Arg Gly ser ser Thr He Lys Asn Trp He Ala Asp Leu Asp Phe He 
85 90 95 

Leu Gin Asp Asn Asp Asp Leu cys Thr Gly cys Lys Val His Thr Gly 
100 105 ^ 

Phe Trp Lys Ala Trp Glu Ala Ala Ala Asp Asn Leu Thr Ser Lys He 
115 120 125 

Lys ser Ala Met Ser Thr Tyr Ser Gly Tyr Thr Leu Tyr Phe Thr Gly 

J-jv 135 140 

His ser Leu Gly Gly Ala Leu Ala Thr Leu Gly Ala Thr Val Leu Arg 
^ 150 155 2.60 

Asn Asp Gly Tyr Ser Val Glu Leu Tyr Thr Tyr Gly cys pro Arg Val 
165 170 175 

Gly Asn Tyr Ala Leu Ala Glu His He Thr ser Gin Gly Ser Gly Ala 
180 185 190 

Asn Phe Pro Val Thr His Leu Asn Asp He Val Pro Arg val Pro Pro 
lyj 200 205 

Met Asp Phe Gly Phe ser Gin Pro ser Pro Glu Tyr Trp He Thr Ser 
-JIO 215 220 

Gly Thr Gly Ala Ser Val Thr Ala ser Asp He Glu Leu He Glu Gly 
'^^^ 230 235 240 

He Asn ser Thr Ala Gly Asn Ala Gly Glu Ala Thr val Asp val Leu 
245 250 *^ 255 

Ala His Leu Trp Tyr Phe Phe Ala He Ser Glu cys Leu Leu 
260 265 270 

<210> 13 
<211> 269 
<212> PRT 

<213> Aspergillus oryzae 
<400> 13 

Asp val ser Ser Ser Leu Leu Asn Asn Leu Asp Leu Phe Ala Gin Tvr 
^ 5 10 15 ' 

Ser Ala Ala Ala Tyr cys Asp Glu Asn Leu Asn ser Thr Gly Thr Lys 
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20 25 30 

Leu Thr cys ser val Gly Asn cys Pro Leu val Glu Ala Ala Ser Thr 

40 45 

Gin ser Leu Asp Glu Phe Asn Glu Ser Ser ser Tyr Gly Asn Pro Ala 

55 60 

Gly Tyr Leu Ala Ala Asp Glu Thr Asn Lys Leu Leu val Leu ser Phe 

^ 75 80 

Arg Gly Ser Ala Asp Leu Ala Asn Trp Val Ala Asn Leu Asn Phe Gly 
85 90 95 ' 

Leu Glu Asp Ala ser Asp Leu cys Ser Gly cys Glu val His Ser Gly 

105 110 

Phe Trp Lys Ala Trp ser Glu lie Ala Asp Thr He Thr Ser Lys val 
■Lii 120 125 

Glu ser Ala Leu ser Asp His ser Asp Tyr ser Leu val Leu Thr Gly 

135 140 ' 

His ser Tyr Gly Ala Ala Leu Ala Ala Leu Ala Ala Thr Ala Leu Arg 

150 155 jgg 

Asn ser Gly His Ser val Glu Leu Tyr Asn Tyr Gly Gin pro Arg Leu 
165 170 275 

Gly Asn Glu Ala Leu Ala Thr Tyr He Thr Asp Gin Asn Lys Gly Gly 
■■■SO 185 190 ' 

Asn Tyr Arg val Thr His Thr Asn Asp He Val Pro Lys Leu Pro pro 
■'•='■> 200 205 

Thr Leu Leu Gly Tyr His His Phe Ser Pro Glu Tyr Tyr He Ser Ser 

215 220 

Ala Asp Glu Ala Thr Val Thr Thr Thr Asp Val Thr Glu Val Thr Gly 
" 230 235 240 

He Asp Ala Thr Gly Gly Asn Asp Gly Thr Asp Gly Thr ser He Asp 
245 250 255 

Ala His Arg Trp Tyr Phe He Tyr He ser Glu cys ser 
260 265 

<210> 14 
<211> 269 
<212> PRT 

<213> Thermomyces lanuginosus 
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Glu val ser Gin Asp Leu Phe Asn Gin Phe Asn Leu Phe Ala Gin Tyr 
^ 10 15 

ser Ala Ala Ala Tyr cys Gly Lys Asn Asn Asp Ala Pro Ala Gly Thr 

25 30 

Asn lie Thr cys Thr Gly Asn Ala Cys Pro Glu Val Glu Lys Ala asd 
i5 40 45 

Ala Thr Phe Leu Tyr Ser Phe Glu Asp ser Gly val Gly Asp val Thr 

55 . 60 

Gly Phe Leu Ala Leu Asp Asn Thr Asn Lys Leu He val Leu Ser Phe 

'0 75 80 

Arg Gly Ser Arg Ser He Glu Asn Trp He Gly Asn Leu Asn Phe Asp 
85 90 95 

Leu Lys Glu lie Asn Asp He cys ser Gly cys Arg Gly His Asp Gly 

105 110 

Phe Thr ser ser Trp Arg ser Val Ala Asp Thr Leu Arg Gin Lys val 
■LXi 120 125 

Glu Asp Ala val Arg Glu His Pro Asp Tyr Arg val Val Phe Thr Gly 

135 140 

His ser Leu Gly Gly Ala Leu Ala Thr Val Ala Gly Ala Asp Leu Arg 

155 160 

Gly Asn Gly Tyr Asp He Asp Val Phe Ser Tyr Gly Ala Pro Arg val 
165 170 i7f 

Gly Asn Arg Ala Phe Ala Glu Phe Leu Thr val Gin Thr Gly Gly Thr 
180 185 190 

Leu Tyr Arg He Thr His Thr Asn Asp He val Pro Arg Leu Pro Pro 
l=*5 200 205 

Arg Glu Phe Gly Tyr ser His ser Ser Pro Glu lyr Trp He Lys Ser 

215 220 

Gly Thr Leu Val Pro Val Thr Arg Asn Asp He val Lys He Glu Gly 

235 240 

He Asp Ala Thr Gly Gly Asn Asn Gin Pro Asn He Pro Asp He Pro 

250 255 

Ala His Leu Trp Tyr Phe Gly Leu He Gly Thr cvs Leu 
260 265 
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in claims 17 and 18 and for the variants R84G/A/Y/S, L206F of SEQ ID NO- 
14 in claim 16. 

The search has also been directed to the general idea of fungal lipolytic 
enzyme variants having an altered phospholipase/lysophospholipase 
activity, but no other specific variants have been searched. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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